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The incidence of low' bade pain in the construction industry 
baa been investigated. Industrial accidents# particularly those 
occurring during .material' handling* generally decreased with in- ■ 
creasing age, but vary in incidence between different trades*
Frequent high trank stresses wore found in some of the common handling 
techniques# and this could well account for the associated frequency 
of trunk injuries. Stooping lifts arc gomvally used at present# 
and it is clear that proper training in handling would reduce the , 
hazards*
To establish the basis of a training scheme for the industry# ■' 
a series of laboratory studies were undertaken to compare trunk 
stresses in various lifting techniques when handling weights at 
different heights relative, to the body. Bern.1 knee lifting (lifting 
with the knees partially fl&xcd} was least stressful# and.lateral full 
stoop lifting produced the greatest stresses. Truncal stress increased 
with increasing load and lift height for all techniques# simultanoous . 
increases in• lift height and load;weight disproportionately in­
creasing the truncal stresses■observed*
A field stud? was ■ also • undertaken to measure the energy demands - 
on an operative whoa using the different lifting methods* The 
results demonstrated that semi knee lifts and semi stooping lifts v 
use less energy than full stoop and full knee lifts* Likewise stoop 
lifts whether full or semi required lower energy expenditures than 
those observed, during bent knee lifting. The differences observed 
were small# indicating that the'bent knee lifting methods recommended 
should not lead to any material increase in fatigue at work*
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fkm.vovk presented in this thesis io comeraed'wltk the ;, 
analysis of truncal • stresses occurring during material handling 
in the Building and Construction Industry# and where those are high* 
the ostablisteont of safer loss stressful working systems# , •••. \ '
Urn bacM  pain is a . comes ailment in most: modern societies : 1
’ .. ' : 1 , '; V
tlloral* 1969| Bult* 1094 a#h) and back injuries arising from.. 
material handling constant and tm&lainiohiug.hasard of the 
■ Industrial environment« In the' Building and Oonstruotion Industry 
■therelittle reliable, data on;Imniling incidents and.bach 
disabilities and preventive and more efficient methods are therefore 
difficult: to apply# : ’' .
■'• ■ la a'survey carried out 'into aamiaX handling accidents resultiag 
in absence, ftea-aoris for. throe, days or sore* W p . aere due to faulty 
'manual' hmSlMg ;ead lack' of knoulougc# . fifty three' percent of the . .
. uooMoats resulted ia' in juries involving the spine and trunk# . 
.■.(shepherd Coaotructioa 0oV 19?d|# Shaidierd^ also aimlysod tlx? age 
of ooctirreiiee of -.in Juries- and' disabilities ia the industry# This 
shows that.-a considerable proportion of the intake leave the■ industry 
’ by the time they are 55 years of age and the figures suggest that
■ much of this loss is duo to incapacity from injury or disability 
■.f&risi^  frets •' manual' handling# ■
The ■total number of reportable accidents and those duo to 
aa&ual 'handling, reported to during the last sin years ■
from the Construction. Industry ore shorn la Table X* figures fer­
tile total labour force- am-unreliable and accident rates difficult. -. 
to apply# The figures do however show a significant drop in total , 
accidents over the. sir years although the proportion of manual 
. handling accidents remains- steady*
■ . . The loos to the industry from- approximately ton thousand'
.repealed aooi&enta is clearly serious * the figures for1968 hear 
out Shepherds observations that of all injuries about a quarter .' 
(33*3$' or 13*220) involvod the. spine or trunk* . - .
EeoontXy*. oedical attention has boon turned- to the more 
insidious effects of bad oar el handling# ■ ■ Hult(X954b) .has presoatsd 
results of eraniaation of 1200 individuals representing different 
.professions*, they wore divided into two main gxoups* those engaged 
ia physically light work*- and in. physically heavy work* Be found . 
that" degenerative conditions of the back are very1, common in older - 
workers in heavy industry and that the changes appear earlier in. 
those engaged in repeated manual work. He shows* for instance* ■ 
that $ 0  of. those in labouring occupations aged. 45*49 years had 
degenerative changes in the spine aa compared to 54/5 elsewhere*- Be also 
noted that a .maximum of220$ of those with a history of lumbago or . 
sciatica*, the symptoms were provoked'fey an accident| in an additional . 
I5~20 the symptom appeared in connection with heavy lifting or a 
similar strain* this mans that-in 6CM>5$ of those .who had lumbago 
or sciatic attacks the symptoms appeared' without any specifically 
named causative factors.*-, ^sgsncratlvo. changes of this kind may not 
result in acute incidents and reportable- absence* but in an isoaX* 
eulablo* insidious- doorcase ia work output*, loss' of earning capacity# . 
and diminution of skilled abilities*
TABLE 1.
The Total number o f reportable accidents and those 
due to manual handling during the la s t  s ix  years 
(1968 - 1973).
YEAR TOTAL MANUAL HANDLING %
68 49,518 12,744 25 .8
69 44,570 11,429 25.6
70 39,823 10,353 26.0
71 34,469 8,886 25 .8
72 35,017 8,691 24.8
73 34,468 8,886 25 .8
(HMSO 1968-1973)
In' previous studies of back.- injuries# lifting and-rotation of -
the back m m  identified, he the' commonest aeoooiated activities 
(seager# 1959p Glover# I960).* tn -a series of H O  cases of back 
liijtsry to foroatoro 40. wore • associated tilth heavy manual handling*
35 with falls and 10 with falls While handling heavy loads (Troup*. 1965).# 
it is elmr .that. is. the' Gonstruotion induatry there is a eon** 
sidorable loss of .efficiency duo to hack injuries arising'torn ’ 
bad mmial; handling* . As .a consequence' of this may wpridng hours 
are lost and a substantial number of trained personnel-nay leave the 
industry due to this cause acr has M m  shorn by Cartridge .et al (1968)*; 
Because of this a- laboratory and field series of investigations has 
been carried out to try end. establish the sain causes of hack. stress 
in the industry with: a view to establishing safe handling methods*- -
o u m m  i
1ictlstlcal, .1 i^ Mcftoe.„_ot. ..Low .Back Pain
Introductloi
i-alliofik lost work days caused by- arthritis every 
year* ^150 million lost in wages dono, without taking into 
account the disruption, the loss of productivity, and the pain 
involved for the men and women themselves* And the report shows 
auite clearly,' industry itself nay be. associated with increased 
■ disability from arthritis, especially those industries involving 
heavy lifting and awkward working positions11'
lord lanaeraley (Bta&sA Sheooattsa In ta&istry, 1969).
■ Low.back pain is a co&icm ailment in most sodom societies 
(Eoral, .19691 Halt, 1954# a,b*) and back injuries arising from
Qf£
materiel handling' .0 a constant and tm&lninishirg liasard of the' 
industrial omiromon^„
■ "M' Indioatim of .the' prevalence of low back sciatic pain is 
;given in the roanIt© of a survey (Lawrence & Alton Swan, 1992) 
in which the number of ■persona with complaints of .baok^kiprseiatio 
paia.was- recorded'ia relation to occupation, via.*' mining and non**' 
■mining; and'age*" results are shown in Eable 2.
. fhe figures show that t{baek-hi3>-sciatlcn pain complaints are 
.of frequent occurrence in ihcpopulatton, and that in miners the gross 
incidence of such complaints is no greater than in the population no 
b whole (p> 0*02)* flic degree of incapacity, on the..other hand,
f!*B* ■ Back pains often have no specific diagnosis and aom authors 
. include them under the non specific leading. Rheumatism* and it 
Is’ in ilmi sense that it’ is used in this section*
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appears' groafccr in is&aera; «► o* in ,,S?abl© 3 ( p <  O#0l)t and thero
is ovideiioo of an earlier onset of symptoms so shown hyfc steeper 
rioo in- the iaoMesoo■ at tlio fourth decode' (p<0*Ol)* ■
. Bulbs (1S3< *b) iiiroBti/tvStioa in which ho osssinod 1200 itw  
divM m ls representing d ifferent profonsioaG. supports the riom • ••'. 
■expresso& by tmrg&mo'am Aiiken, Otoai (1952)* *h© i&ofosssone 
imro'.divldoi ia to  .ttfo is&iii groups* those onsoged in  phsr'X'-Ily 
lig h t work (e#g*v w hite-collar worker^ workers in  lig h t ^  is trp
i
sad the retail. trado) end in .physically m m g  .work (o*g« eiexedoros* 
construction workers md. employees, in. hoary industry) # ffco ago of 
the. subjects. rasgoi from - twenty • fir© ’to sissty'iiy® years of-ego# ■ 
low back trouble* was. found to bo .caramon in bebli occupational groups* 
but trio inoidonoo m o  oonmkai Mgbor in tlio hoary-work group-''
‘(64*4 per omit m  opposed to cent)#:.$ho difforonso between
the two greu v s mzo- rnrisod when the incapacity for work rosultins 
from low back trouble’was ©Kominedj that Is 43*i$ of the homy group 
and 25*S:^ of t!:® Xlckv work group had boon incapacitated (p <  0*O0l)#
la i960 an Industrial Survey' Unit .sponsored by tho Arthritis 
• and Rheumatism eownoil was established to investigate the incidence 
of bask pain me! rooulteit morbidity in a variety of- pooup&tto a#
Slio occupations wore chosen to give a broad spactrua of the incidence 
‘of rhomatio complaints in general aisong the working population#
She first survey by tlio unit was of a ssining population (Anderson* 
Buthio and Hoodie* 1952).# -.A random, saaplo .of tainars was selected 
■and 93^ agreed -to clinical os&mimtioa*.;. fhoso men ware divided 
into -those wxefcing .at tlio cool face or who had worked- at .tlio coal
TABLE 3.
Percentage o f  miners and non-miners absent three 
months or more w ith rheumatic complaints.
Age group Miners Non -Miners
Total No. % Total No. %
15-19 99 - - 111 2 1
20-29 367 4 1 538 3 1
30-39 302 18** 6 360 7** 2
40-49 429 31** 7 348 10** 3
50-59 310 26** 8 217 6 ** 3
60 over 235 17 7 191 9 5
Total 1 ,742 96 1,931 37
* *  = 0.01 > p >  0*001
from Lawrence & Aitken Swan (1952)'
' fade in the past# sad others* 47*3$ of. the 340 non soon claimed to . 
have suffs^ed from rheumatic pains during tlio previous 12 months*
Disc disease was diagnosed is 15*3/5 of 219 face workers and former 
.face workers* and 11*0 of. tho reaaindor who had never worked at 
the coal face -(p <■ 0*02)*' Ehousatic complaints ao a whole led to 
a loss of 528 days' per -anmra per MOO workers* .Disease"of the 'inter- 
vertebral dices canoed-6 0  of the absence from rheumatic causes# •
In another coal mining region 18*5/5 of all wthre© day. plus1*
.accidents involved the. back* and the incidence of hack injuries 
'causing.absence.from work was reported to be 75*1 per 1000-©on at 
risk per annua (Eoaniroo# 1963}# •
■ Mnderson and Dulnl© (1963) :ia a subsequent survey of 1422 
dockyard workers diagiosod.disc.disease in 149 (10*2^) workers#.
/mother 327 (25/) had had complaints in the previous 12 months - 
.related to the’hack in whoa a firm diagnosis of. disc disease could '. 
not he made* Sickness absence for all rheumatic complaints average 
.273 days per 100 m m  per amum* She proportion due to back complaints
(XtfL
alone j^re not calculated but it was noted tlmt the sickness absence- •:. 
rate "was higher .In heavier manual occupations than in lighter ones*
.••• imkBon (1963) using the FactoryInspectorate Report' (1966) 
and -the Annual' Eeport (1965) (national Book' labour Board) compared 
the incidence off!bhrso day|} industrial- injuries in cliipbuiMIng . 
personnel and registered dock workers. Despite the superficial 
similarities botwoon shipbuilding and repairing and dock workers* • 
Jackson# from estimated injuring incidences during 1966# -Showed' that 
dookworkors experienced a morbidity approximately double that of the 
shipbuilding and repairing# that is 1320 injuries per 10,000 Cookers 
•at risk* 660 per 10*000 at risk in shipbuilding and ship repairing (p< 0#
In m  -analysis of 818 day1* industrial luxuries which occurred 
during* tb& first half of X9S7 in the Port of London* Jackson (1963)
■ noted tfcajfc 206 (25$) of the injuries involved the back. In a oul>* 
sequent n p m t SimnsM J M a o a  (1971) analysed Lac!: injuries in
i'
registered dock workers* . fbe results show that of 129 industrial . 
injuries |er ii^OOO at.risk"-56 per 1*090 at risk involved the opine,(20)* 
. In light industry the comparable figures for disc disease and 
those t?ho had complainto in the previous 12 months* related to the
back voxje 12*1$ and 13*7$ respectively.* fho .incidence of disc
/: -
disease/ increased with age (p < 0*09) (Partridge* Anderson* McCarthy 
/)■: ■ - ■ 
and D^fhie* 1969)* Sickness absence on account of all rheumatic
i' '
complaints was 46 days per 100 men' per amimtn ■ flus is significantly' 
less than the absence noted -for either-mining or dock worker , 
populations (p <  0*091) (Anderson* Ikithio cud. Hoodie* 1962$ Anderson 
and Bmthie, 1965)* It is also significantly loner than the mintsal 
s&etasss absence among foundry workers from idiomatic complaints* 
tfliieh as a uhole was 510 days per 100 non per annua (p< 0*001) • 
(Bartrfdge* Andereoa*-IfeCarthy and Buthie* 1968)* in this investigation 
Partridge ^t,<gjl (1968) noted that hack pain due to lumbar disc 
disease or'to less well defined back pain’ accounted for 6 0  of such 
absence*
Brown (1972) reviewed data obtained from the Workmens' Compensation 
Board-of Ontario (1964^ *68)* From the industries having the highest 
incidence of back injury it was found that the average rate of back 
■ injury-was 24*£$> of all reportable in Juries* fhe ago .distribution 
' of -low back injuries t m  also investigated for 25*427 males* fho 
distribution classified by age was as over;; .
■'Age distribution of X*«3« Injures for laalos {1964*4963) 
Ageerou^:'- ; ^ o ; 3X-40: 4X*$o. 91*60 6O1- fetal.
I!o.3u.B*l.: ' M m  6,303 7,459 ■; 4*860 ./ 2,933 ; 717 . ' 2 % m  .
‘,S 6.5 26*9 31*7 20*0 ; 11*0 ' .3*1 100.0 . • ’
Bsaiaiaation of fable 4 "shmis that .the hi^icst incidence of 
'.'hack injury mmM'Bom to occur in osploysoB botooea-the" ages of 30-40. 
years*' "After the, age. of 40 years there':is an apparent decline in 
■ the etrerall percentage of reported hael: injuries* fkeso figures do 
oat .ho^ erer take' into aeoomt :the nunber at risk within. each age group., 
and.'a note of caution must be. .applied to the ooneludioas' presented* " 
f he nunbor of days lost, due; to. back injuries , in relation to the '
. .typo'Of injur^'7 is'given.as ioHoxmt ' V
- gQact gahle.5 -/ '
Hunbor of days loot duo to 1*3* Injuries (1964-X963)'
' Cause ' k - ■' Gacro-lliac ■ fatmvortebral . ■ Hernia " ■ r oval.. ■
S t r aindisc .protrusion .
. llo.of d^rs tost: . 993#19.4. •'...>. • ' .209,053'. . ; 135.183' h1957,390
■Ho* .of oases- / ' ■ 21.249: 1.333- W ; 3#H6 ■ ■, ■; "25,918'
iJo.of dqye lost- 
per case 27*9 ■ .. . ■ 134.6 43*4 36#2
II.B* fhe figures ouotod in fabl© 4 include 2,491 fotaaloa that • 
v ,:are :not considered in fable 5 *
Again Brorn' (1972) fails to provide numbers at risk and there-* 
fore comparison^ with other studies is not possible* fho results 
do however shew that the majority of oases included (02$) wore due 
to oaoro-iXiao strain or sprain? 12$ due to honiia and 6$ as the 
result of inteirvertehral disc protrusion*
- Brows' (19?2) notes that patients with herniation of the bowal 
and herniation of the- interyertehral disc may bake as long as throe 
months before retaaiag to work whereas those suffering from macro** 
iliac ♦strains* normally return to work within three weeks of the 
•initial.accident# •
Kosiak, Aurelius and ^ -rtfiel (1966) reported on the im~d^oo
of Ion hack pain in the Hinisota iHainifaoturlxxgl and HintngvOompafly* 
iho results beXoir- show that in the;plant back injuries account for 
about 20$ of all compensation claims. Siiis is similar to the previous 
figure quoted for lighter industry (Partridge e|,§l 1965)*
ffe&fr.ffeble 6 *
Back. Injury Claims and All Compensation Claims 
•legr lti*of all -c2Mma Back'- Injtu^ y Claims $
1953 ' 604 133. 21*7
lc5^ 746 149 20*0
1960 . . 759 ' 156 20,6
1961 681 : 159 23.3
1963 746 121 16,2
689 141. 20,5
fetal labour force figures oore not given end the fate per 
numtows at j?tok could not be calculated.
.. Magora {X963)vStuiiod: .33X6 worker 0- from sight basic occupationa.' 
SSioso are shown in fable' 7$ together'with ago distribution* fh© '
reiationsbdp; of :XGV book pain to occupation in shorn in -fable 8 *,
It can he ;mm that aaoag the sight occupations selected, the 
highest incidence of . low hack. pain was .found in the heavy industrial 
workers" (21*6$ of 289 workers), and in nurses’. (16*0$ of 401) whereas 
tlio lowest incidence was in Post Office clerks "and Policemen . "
(10*1$ of 313 and 6*4$ of 251 respectively) (p< 0*001 be tureen'.'
.heavy industrial tvorkors/htsrsoe and Post Office elerks/Policemen) •
When considering the relationship between occupation and age hagox*a 
notea that meet . Of the low back palm patients were in the 31-40 years. 
age .group and,.proportionately# the least were in’the group over .
51 years# It is however worthy of note that.when considering the - \ 
two groups with highest said. lowest iaoidence of low back pain that 
low back pain appeared earlier in heavy industrial workers: and mtraos, 
the incidence in the 18*30 group being 34*5$ and 32*1$ for heavy 
industrial workers and nurses respectively eoxaparod with 8*4$ and .
< *r, for Post Office clerks and Policemen respectively (p<0*001 
between heavy' industrial workers/nursbs and Post Office- clerks/ 
Polibeaon), fhis supports the view of ilult (193415)? Anderson jgjp A"' 
(1962) and others in that the incidence of low bade pain is somewhat ;• 
higher in •heavy* occupation and 'the ago'of onset is.'significantly. 
earlier*
CiiSt*Pearsoh and Hair (1972) surveyed the prevalence of low . 
back pain in nurses using teachers to provide a control population 
for tbs ■ pravatene© .and incidence rates* ' Low back pain starting at 
work# or because. of work, was classified ao occupational ..low back pain#
D is tr ib u tio n  according to age and occupation.
Age Group
Occupati on 18 - 30 31 - 40 41 - 50 51+- - Total
No. % No. % No. % No. % No. %
Bank c le rk * 239 7.2 79 2.4 . 40 1.2 20 0.6 378 11.4
Post O ffice 135 4.1 219 6.6 272 8.2 193 5 .8 819 24.7
clerk
Bus Driver 233 7 .0 249 7.5 95 2 .8 85 2 .6 662 19.9
Poli ceman 45 1.4 100 3 .0 65 2 .0 41 1.2 251 7.6
Nurse 305 9 .3 90 2 .7 48 1 .4 38 1.2 481 14.5
Farmer 43 1.2 51 2.6 37 1.1 14 0 .4 145 4.
Light Industry  
worker
68 2.1 52 1.6 35 1.0 36 1.1 191 5.
Heavy Industry  
worker
176 5.3 108 3.3 67 2 .0 38 1.1 389 11.
Total 1 ,244 37.6 948 28.7 659 19.7 465- 14.0 3,316 100.
*  The percentages are ca lcu la ted  from the to ta l  
number of subjects 3,316 = 100.0%
from Magora (1969)
TABLE 3
Relation o f  Low Back Pain patients and 
healthy subjects according to occupation.
Occupation Low Back Pain Non Low Back Pain Total
No. % No. % . No. %
Bank Clerk 38 10.1 340 89.9 378 100
Post Office  
Clerk
83 10.1 736 89.9 819 100
Bus Driver 79 11.9 583 88.1 662 100
Policemen 16 6 .4 235 93.6 241 100
Nurse 81 16.8 - 400 83.2 481 100
Farmer 21 14.5 124 85.9 145 100
Light Industry  
worker
27 14.1 164 • 85.9 191 100
Heavy Industry  
worker
84 21.6 305 78.4 389 100
Total 429 100.0 2,887 100.0 3,316 100
from Magora (1969).
and visa oigaifieanily more iveqimni* £& foisale nurooe (19»9^) titan In 
. female teachers £12*3^ ) (p < 0*005),* how back pain appealed earlier 
in nurses and wars largely precipitated by factors arising at work* 
'wheroas in teachore,'tbe incidence of lot? back .pain increased with 
time and the contribution of loir back pain of non-occupations!'. 
origin was gre o~* This fwrttof mipporte the .findings of Kagora (1969)* 
PiUane* Fry and KaXton (1966) studied the Incidence of opeXXs .; - 
of-acute back disorders in a general practice' serving a ' pre^ciainaiitly ' 
uiddle-claso. cpaamaity in.S#B* Xondoa. The inception rate (spoils 
of backache,per 1000 patient years at risk) .classified by age are,:. \ 
.shown in Table 9 * By relating.the numbers t£ persons'sufforiftg 
attacks to the arerage.sise of the practice during the four year 
period of Investigation*■ BiXXsae Ou eJL (1966) calculated the annual . ■ 
•inception rate for males to be 24*3 perWOO*. .-This'is similar to • 
the consulting r?:^to of 21*4 per 1000* for all low back pain, reported 
by Malford (196.2). and 22*8 per 1000 sales noted by Ward* KamvoMen 
and Oliarrand (1968) but is' significantly lower (p <0*001) than the 
industrial back incidence rates'-reported.by laurence and Althea 
Sum" (1932)$ Hoantree (1969)I Jackson (1968)i Jlagora (1969) and.
Oust ei el (1972)*
It was noted by Milano et:..al (1966) that a peak occurred in ' 
the 90-99 decade,: this age group experiencing tidoe the overall ' 
inception,rate* This is contrary to tins industrial rates in relation • 
to age distribution reported by llagora (1969) where 'the' highest 
incidence -occurred in the 31-40 decade* further in the two groups' 
with the highest incidence of low back pain (heavy industrial 
workera and nurses) the highest rate occurred oven earlier in the 
20-30 year age group* ' •
17
TABLE 9
The inception rate  (spe lls  per 1>000 p a t ien t  years at 
r is k )  o f acute back syndrome in males grouped by age.
Age years No. o f  a ttacks. Patient years Rate per 1,000
at r is k .  p a t ie n t  y e a rs .
0 - 0 1,790 0.0
10 - 5 1,785 2 .8
20 - 30 . 1,417 21.2
30 - 62 2,092.5 29.6
40 - 76 1,885 40.3
50 - 90 1,671 53.9
60 - 44 1,046 42.1
70 - 12 ,463.5 25.9
80 + 3 156 19.2
A ll  ages 322 12,306 26.2
from D il la n e ,  Fry & Kalton, (1966).
-vSem^ GB0G (1971) 4& examining siokness absence ..trends in 
Great Britain between 1954 and 1961: notes that spells and days 
1qs+ to rheumatism Imre declined but Imre been more than matdied by 
the rise ascribed to prolapsed Interverbebral disc* . This trend 
' has been'supported-recently (Mon 1.1971) la - that rbowmiie eem** 
■plaints as a whole produce a loss of .mm* 35 M X M m  wmMJig days 
a year*' with an estimated cost to -the eomsunity -of £190 million 
and a hi$i and increasing ■ proportion of these are clue to back pain#
In the-year- -ended Hay 51st, 1969 insured people lost 51*0 
million days from work due to .idmumatio complaints* This constituted 
10*5$ of all ai<toess and injury incapacity and was m or’ five times 
-greater than the work loss duo'to industrial stoppages (6*85 million 
days ^  Annual Abstract of. Statistics 1970)* .Thier represents an 
. average toe of 1*9 days per .year -with ttieumatisa for ©vary insured 
man or woman (Bonn and.. Ifdod# 1978)* The cost# Indicated by'loss 
of productivity* was estimated at £197 million*
The current figures for America are given by loss©, Cornelius '. 
and I m m m  (1970) who note that I *2|; million Americans sustain 
injuries to their back or spine .arniually*. Of'those injured 65*000 , 
Imve-sose permanent disability* At present-opprosimtoly 2*5 million 
Americans have permanent impairment of their back as the result of 
injury#
. - flic .principal types of rheumatic complaints end rates of 
incapacity per 1,000 insured persons in the year ended Hay 51* 1969 
arc shown in Table 10* From these it can bo soon that back troubles 
load tlie field, particularly when it is remembered that the figures 
shown do not include elX back pain* one important reason for this is- 
that bad: symptoms '-certified as being duo to osteoarthrosis (715) will 
bo classified arthritis* •
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TABLE 10
Principal types of rheumatic complaints : male 
rates o f  sickness incapacity  per 1 ,000 insured 
persons in the year ended May 31st, 1969.
Type of rheumatic ICD rubrics Spell Proportion Days o f incapacity
complaint (8th revis ion Rate o f  a l l
1965), rheumatic Rate Proportion
complaints o f a l l
% rheumatic
complaints
%
Arth r i  t is 274,710-715. 7.43 15.2 762 41.2
*Back Troubles 353,717.0
725.
14.72 30.2 472 25.4
Non-arti cul ar  
rheumatism
717.718  
(exclud 717.0)  
731 -  787.
18.70 38.4 383 20.6
Other rheumatic 
complaints
390-392;716 
721-724,726 
-730, 732- 
738 , 787.
7.92 16.2 238 12.8
Total 48.77 100 1,856 100
*  A considerable underestimate because only those that can be id e n t i f ie d  
read ily  are included; s p e c i f ic a l ly ,  the vertebrogenic pain syndrome(728) 
is not included.
from S ta t is t ic a l  appendix. Digest o f data on rheumatic diseases. 4. 
Morbidity and m o rta l i ty ,  and Hospital Services fo r  rheumatism s u ffe re rs .  
Benn & Woods (1972)
la Britain in 1967-1963, low back pain including that due to 
injury, was responsible for 9*5 million lost working days, representing 
'2*9$ of the total for, sen ;and 1*8$ for women. (Dept# of Health and 
:Social- Security, 1963)* .
II Causation:
In the literature specific causative agents of truncal injuries 
have been identified although the picture that emerges is incomplete. 
Hult (1954 b), in referring to cause, noted that a maximum of 20/i. 
of those with a history of lumbago or sciatica attributed their 
symptoms to an accident and in on additional 15 to 20,-” the symptoms 
wore . associated with heavy lifting or .a similar strain, ■ Thxm in 
60 - 65$ of those who had. had lumbago or . sciatica the symptoms : .
. had appeared without' any specifically named causative facto ra#\
.With referenda to cause Magora (1963) notes that in 40$ of all 
lew back pain patients, no apparent cause couM be determined. In 
the. remaining cases, the two most common triggers for-low back pain, 
were weight lifting -and sudden bending (l9#7$ and 18*8/?' respectively)* 
Kagors (1975).adds that sudden' 'maximal efforts especially if un­
expected, play an important role in-the causation of low bade pain.- ' 
Further, he suggests that many,of the causative factors ouch as 
■ bending, rotation etc, found by other investigators to bo related' 
to a high incidence of low.back ' pain, are actually sudden maximal 
efforts, incidentally carried out at that moment in a certain 
spinal posture#
Rowe (1969) reported on a retrospective medical survey of some 
2,000 men half of whom were sedentary, and half in heavy handling 
occupations# During the ten year’period-from,1956 - ;1365f 33$ of the; ; 
sedentaxy workers and tr\i of the .heavy handlers made visits to the
medical department for low back pain. . In a detailed' study of 500 
cases Rowo noted that in only 15$ of cases was backache attributed to 
.injury and an additional 20$ believed their, backache sight have been 
related to some unaccumstoined activity* In the remainder of cases 
the onset , of back' pain could not be related to any activity. This 
figure of approximately 6<1$ is aisilar’ .to those reported -..by. Ksgora' (1969) 
Dillane ot al (1966); Kult (1954 a, b) and Hirsch (1966) who notod 
that in low back pain patients trauma was the possible cause in 20$
■and carrying a heavy object in 2Cy while cause was vm&nomi in 60$. ' 
Roantree (1963) however, notes in 111 instances out of 150 
cases of back lesions a clear history as to cause, the most frequent 
. implicated activity being lifting weights (47 cases); other important 
causes of back injury, in order of frequency were: struck'on bade"(15*3$); 
fall (11*7$)f. carrying'weight (8*1$), and pulling. (6.5$)# In 100' 
cases of back pain/in the engineering industry, 39 were caused by 
lifting and 33 by twisting movements of the spine, 25 of which 
occurred when lifting (Glover,. I960)* • In 111 cases back injuries ' 
to coal miners, .73$ were due-to lifting and handling of heavy 
mining: equipment (Ecury, 1965)*=.-
Further support of the association between low back injuries and 
specific causative agents is given by Troup, Roantree and Archibald (1970) 
who examined 217 males with lumbar spinal disability, aged from '
17-64 years, 176 of whom were miners. In 91$ of cases, the individuals 
attributed their symptoms to an injury or accident preceding the 
attack* In terms of the mechanism of injury load handling, slipping 
and falling, and blows on the back were factors in 190 of the 193 
cases to which symptoms could bo associated with an injury or 
accident preceding the attack* / •
From the Workmens Compensation Board of Ontario Statistics 
covering the years 1964**1S6Q the causes and effects of hack injuries 
can he given as shown in Sable 11 » It can be seen from the table 
that' 400 of back injuries are due to lift lug and'47$ are due to 
handling and throwing. (Brown, 1972).
In examining the causes of reported back claims Kosiak ot al (1S68) 
reported that lifting resulted in most days lost.
Toast Table 12 
Activities Producing Low Back Pain 
Reported Claims 1954~1966
Activity Ho. of Claims Bays lost
1. Ho Incident 59 ... 88
3* Bend or Stoop 29 54
5* Lifting . 163 , ; 274 ' .
4* Pushing ' 7 Hone
5* Slip or Fall ■ . 26 - : 40 ' '
6# Contusions 10 Hone
7. Twisting - 6 . 19 .
8. Reach .6 . :2
9. Full 10 6
. Total- ■ 296 480 .
A direct correlation was found between the amount of weight 
lifted and the number of deys lost* .The critical.weight appeared 
to be about 23 Fg.(50 lbs). While 50 reported claims involving 
weights of less than 23 Kg. resulted in 47 days lost, 113 imported 
claims involving lifting exceeding 23 Kg. resulted in 224 days lost
(p<0.Q0l)
TABLE 11
Cause and Effects o f  Back In ju r ie s  (1964-1968) 
(Data from Workmens Compensation Board o f Ontario)
Causes
Handling
Throwing
L i f t in g
Pushing
Pulling
Strenuous
movements
Strains & 
Sprains
10,000
8,509
1,830
910
Type o f  In ju ry  .
Disc Hernia
Protrusion
679
673
128
73
1,496
1,214
356
50
Total %
12,175 47.0
10,395 40.1
2,314 8.9
1,033 4 .0
from Brown (1972)
In examining the number of reported and lost time claims and 
time on the job, Kosiak et al (1968), noted an inverse relation­
ship with approximately 50$ o f the claims and lost time being 
reported by employees with less than one year on a specific job.
This supports the findings of Wilkins, Schilling, and Schowalter (1957) 
who investigated 1739 back injuries during a 3 year survey carried, 
out in America in the Bell telephone system. They found that one 
half of all industrial back injuries occurred in the first two 
years of a specific job assignment, and further that they were 
occurring among workers at an age when the general physique and 
musculature are in an optimal condition. Thus. Wilkins et al (1957) 
suggest that faulty work performance is more important than the 
physical condition of the person.
Similar conclusions are presented by Blow and Jackson (l97l) 
who analysed back injuries in registered dock workers in 1967*
Manual handling of cargo was the commonest cause of spinal injury 
(38$) and the greatest number of back injuries occurred in the 
30-45 year age group as shown in fig. i Blow and Jackson show, 
however, that a very different picture is presented if the number of 
cases is considered as a percentage of those at risk in each age 
group:as figure 2 shows there is a marked diminution of incidence 
with increasing age (p ^  O.OOl). Blow, and Jackson note that this 
is probably due to inexperience, inadequate training, and attitudes 
to manual handling in the younger age group, whose members take 
pride in their muscular strength rather than their physical skill.
It is interesting to note that 75$ of the men returned to work after 
less than 61 days, but that of the 192 patients who had absence in 
excess of this 43$ were tinder 35 years of age (p ^  O.OOl).
who suffered back in ju r ie s  in 1967, by age group.
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H I  Heaviness of Occupation and-.Working Postures
As noted previously, the prevalence of rheumatic complaints,' 
including bade pain, varies between occupations. Further, this 
variation appears to be related to the physical effort of the . 
work involved (ihiderson and Putliie, '1963J Partridge, Anderson,
McCarthy, and Jhxtkie, '1965).
Prom tentative diagnosis-made in the field Lawrence and Aitken- 
Swan (1952) indicated that the lumbar sciatic pain in miners may 
frequently result from disorders of the inte-rvertdDral disc#
ICOllgren and Lawrence (1952) confirmed these findings in a radio­
logical study’ of 84 miners, 45 manual workers and 42 office workers,
all of vrhomwere between 40 and -50 years of age* The miners showed ’ 
significantly (p <0*001) more radiological changes of lumbar
disc degeneration than either manual or office workers, and there
was a significant association between these radiological findings
and attacks of pain in the lumbar and sciatic distribution (0*02>p> 0»0l).
The results of Hults (l954»b) Clinical and X-ray examinations 
revealed similar results to those of ICellgren a m  Lawrence (1952),
In that the incidence of disc degeneration was higher in those 
■ employed in heavy manual occupations. This occupational group showed 
an incidence of 5>4# in the age group from 35 to 39 years and 90^ 
in the group from 45-49 years, while the corresponding incidence 
figures from those engaged in light work were 32 and 54k respectively#
To explore further the relationship between the effects of 
rheumatic complaints and back injuries, Partridge, Anderson*
McCarthy and Buthie (1968) examined 858 iron foundry worlajrs re­
presenting seven occupational groups selected from six foundries*
Lumbar disc disease was diagnosed in 14k# In addition another 
18* Ik complained of .bade pain'..at some time but in whom characteristic 
root pain was never present* Floor moulders had a significantly 
higher prevalence of disc disease than other workers (p< 0*001)* 
Talcing into account age- distribution,Table 13 * shows the 
standardised complaint ratios for disc disease# ■ It is interesting 
to note the significant difference in prevalence rates between floor 
moulding and machine moulding, (p<0*0l)f as both'occupations can 
be classified as uheavyn in the sense of the physical effort 
demanded of the men# In.each instance, the end product is the same, 
and the box-, filling, metal pouring, and the box breaking (knocking) 
demand similar ..muscle strength and effort.
. Partridge ct al (1968) suggest that the difference in complaint 
rate ,between' those two -groups' could be equated:' with differences 
in working method*- Floor'moulding is done predominantly at floor 
level# The position of tho box on tho floor necessitates a stooping 
position for much of the working day* Filled boxes weighing/
45-90 Kgs. are lifted by hand from floor level, thus exposing the 
back to maximum hasard* In machine moulding most of the heavy 
lifting is done from raised surfaces#
Davis and Troup (l964,b) and Troup (1968) have shown that, in . 
lifting from ground level with the trunk horisontal, the interverte- 
brai compression force will be not less than five times the combined 
weight of the trunk, upper limbs, and the load lifted, depending on 
the acceleration of the load#
Whilst it is difficult to be sure of tho factors which initiate 
-disc degeneration. Partridge ot al (1968? concludes that the re­
peated stress to which the lumbar spine of the floor moulder is
TABLE 13
Occupational Prevalence of Lumbar Disc Disease
(Standardized Complaint Ratio (S .C .R .) )
Occupation
Ob. No. of 
Posi t i  ves
Lumbar Disc 
Expected No. 
o f P o s it ives .
Disease 
S. C. R.
1. Floor 
moulders 39 22 177.2
2. Machine 
moulders 7 7 100.0
3. Labourers 28 29 96.5
4. Furnacemen 5 6 83.4
5. F i t te rs  & 
Sheet metal 
workers
13 17 76.4
6 . Pattern  
makers
5 8 62.5
7. Dressers 3 13 23.1
8 . Miscellaneous 20 18 111.1
All men 120 120 100.0
from Partridge e t  (1968)
The Standard Complaint Ratio (SCR) fo r  each 
occupation was obtained from the fra c t io n :
Observed number o f positives , nn 
Expected number of positives x
exposed oust presun: c.bl„ play a-groat part* This. is supported by 
Laurence,' Molyneato., and BinstfGlX-Fordyee (1966), • who: have' sboua 
a.bigger prevalence radiologically of severe' disc degeneration- of 
the lumbar spine in moulders than, in other foundry workers*
Partridge -et al (1968) further noted that changes in occupation 
due 'to rheumatism occurred in 42 men? in-half .of these' lumbar 'disc' 
disease was the reason given* Ihe previous occupation of 40 of 
these men was known, and of them 27 (67*5 ) were floor moulders, 
the majority of whom had become -general labourers*.
i? Construction Industry
. bespit© the quantity of statistics published each year on 
"-industrial accidents there'is little information that is of use in 
identifying the causes and ages -and other personal details of the 
.sufferers* In the construction industry tho main source of statistics 
is the annual report of lull. Chief Inspectorate* In these no • 
attempt is made to identify specific age groups at risk or oven 
to.identify trades at .greater risk , than others* ' fh© reports merely
- collate, the accident -records., and present a figure, no attempt being 
made to relate it. to any'Other factor* • For .example Tdbio 14 gives 
the distribution of lost time injuries by occupation* Figures for
- the . total'labour force are not .'.given and'inception rates cannot be 
calculated. Tho total number of reportable accidents and those 
due to manual handling reported to II.IUF.I. during the last six 
years from the Construction Industry are shown in fable I (p. 3 )•
Again, the total labour force figures are not given and accident 
rates - cannot be ©alcitlated* Tim figures do however, show a sig­
nificant drop in total-accidents over the six:years.-although:the '
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TABLE 14
Total Trade Lost Time In ju r ie s  to tha t  Trade.
OCCUPATION OF THE INJURED PERSON NUMBER OF REPORTED ACCIDENTS
1968 1969
B ricklayer 3,117 (13) 3,005 (14)
P las terer 691 ( 2 ) 598 (3) '
Steel Erector 1,499 (19) 1,367 (23)
S teep le jack 41 ( - ) 40 (3)
Demolition Worker 248 ( 8) 259 (15)
Carpenter/Joi ner 5,685 (13) 5,342 ( 12)
Plumber 1,548 (3) 1,397 ( 1)
S la te r ,  T i l e r  or other Roofing worker 1,002 (15) 935 (9)
Pa in ter 2,105 (13) 2,005 (13)
Scaffo lder 1,229 (6 ) 1,215 (13)
Labourer (Other than tunne lling ) 16,222 (53) 14,555 (46)
Miner, Tunnel or Shaft Worker 
(other than vehicle d r iver)
84 ( 2 ) 80 ( - )
Vehic le , H o is t, Crane or
Excavator Driver 2,185 (17) 2,389 (32)
E le c tr ic ia n 1,201 (6 ) 1,304 ( 2 )
Others . 9,714 ( 68) 10,078 (73)
TOTAL 46,569 (238) 44,570 (265)
The figures in brackets re la te  to f a t a l i t i e s .
from HMSO (1970)
proportion of manual' handling accidents remains steady (25a)*
Further as shown in'Tabic 15 that of all injuries about a quarter 
(28*3a or 13>220) involved the spine or trunk.
Following this, it.is of little surprise that the effects 
of various ■ conditions in tho working. environment has also been 
neglected by the Chief Inspectorate unless the condition is speci­
fically covered by an Act of Parliament* for example by the Wood­
working Eachinery Regulations* 1922 amended 1927 and 1945* or by 
the’Abrasive Wheels Regulations 1969*"etc. Such information is 
required before relevant preventive and more efficient methods of 
manual handling can be put forward*
In a study of bade injuries by the Construction Safety: Association 
of Ontario (1968)* out of a total of 17*916 lost time injuries*
5*666 wore duo to back injuries (20.4a)* Table 16 gives the 
distribution' of these ’ back injuries by occupation.. Figures. for the 
total labour force are not given aid inception rates cannot be 
calculated. It is however* interesting to note that 475 apprentices 
(2*7a) are included in the 17*916 lost time injuries although the v 
proportion with back injuries is. not given. - In 3*495 ’(94*5a) of 
back injuries three main causes were apparent; overexertion (67*3/) 
falls on same level (1?*7a) and falls at different levels (9.5a) » In 
analysing overoreriion further the results'were as follows;
1140 (31.7/0 
963 (26.3a)
308 ( S.5/)
35 ( 1.5a )
lifting
Handling/Throwing 
Pushing/Pulling 
Stooping/Overreaching
TABLE 15
NATURE AND SITE OF INJURY -  Accidents reported to HMFI during 1968 
from the construction industry .
Fractures
Dislocations
Amputation
Concussion
Scalping
Removal o f  eye or  
loss o f vision
Foreign body
Eye flash
Open wounds
Bruising & surface  
i n j  ury
Crushing
Burns
Sprains & Strains
Hernia & Rupture
In terna l in ju ry
Other in ju ry
M ultip le  in ju ry
Information not 
avai Table
Scalp Eye
118 (23)
117 ( 2 )
1,031 (1)  
39
321 (1) 186
52 121
78
3 36
6 (3) 4
56 (3) 112
Other head Spinal 
i n j  ury Col unin
130 (5) 111 (2)
2 41
2 -
1,006 (3)
307
2
124
25 (2) 
27 (6 )
37
20
186 (11 54 (1)
Other
Trunk
in ju ry
829 (7) 
116
126 ( 1) 
2,788
28
7,709 (1) 
196
113 (7)  
92 
20 (2)
940 (1)
733 ( 3 2 ) l£ i l  (1) 1,817 (27) 263 (3) 12,957 (19)
TABLE 15 c o n tin u e d
Toes
Alone
Other
Foot
Ankle
Alone
Other
lower
limb
Fingers/
thumbs
alone
Other
hand
Other
upper
limb
M ultip le  
s i tes
Fractures 884 721 599 555(4) 1,119 380 1,136 155.(11)
Dislocations 8 5 15 51 73 9 38 2
Amputations 13 3 - 7 219 - 1 -
Open wounds 131 1,776 53 731 2,614 1,163 485 78
Bruising & 
surface in ju ry 602 1,216 287 1,739 824 513 698 454
Crushing 72 53 8 19 (1) 424 52 7 7 (2)
Burns 3 97 12 56 87 285 154 98 (1)
Sprains & 
Strains 14 302 2,121 1,277 (1) 130 185 872 43
Other in ju ry 15 28 25 92 49 38 43 8' (1 )
M ult ip le  in ju ry 1 7 1 15 7 7 10 511 (77)
Information not 
avai Table
101 268 170 427 238 141 250 155 (37)
Total 1,844 4,476 3,291 4,969 (6 )5 ,784  2,773 3,694 1,511 (129)
TABLE 16
Total trade lo s t  time in ju r ie s  and those ar is ing  from back in ju r ie s
against trade.
OCCUPATION Total
Trade
LTI's
Total
Back
In ju r ie s  
to Trade
Percentage
Labourer 6,890 1,342 20%
Carpenters 2,426 446 • 18%
Bricklayers 719 236 33%
Plumbers 573 158 22%
Electr ic ians 727 145 20%
Sheet Metal 603 122
oCM
P1 asterers/ Drywall 617 114 18%
Roofers 245 39 16%
Iron Workers 410 73 18%
Concrete Finishers 231 44 19%
Equipment Operators 971 200 20.5%
T i le /F lo o r  Workers 209 . 55 26%
Rodman 107 29 27%
Welder 286 46 16%
Hoisting Engineers 176 39 22%
Insula tor 92 20 22%
Painter/Decorator 464 100 22%
Mechani c/Servi ceman 338 70 21%
Steam fitte r 373 69 18%
Caisson Worker 131 23 18%
Superintendent 75 18 24%
Foreman 418 99 24%
M illw r ig h t 101 20 20%
All others 734 159 22%
TOTAL 17,916 3,666 20.4%
from Stillm an (1970)
In a survey carried out into accidents in a Building and 
Construction Company which caused absence from work and were classi­
fied under the heading of-handling accidents, Shepherd (l9?0) 
noted that 55^ were caused by lack of basic training and incorrect 
lifting* 92 - of these accidents involved injury to the back and; 
trunk, The ago distribution of those'who suffered handling 
accidents 'is shorn in fable.; 17 together with - the inception rate par 
1000 at risk* In addition Shepherd (1970) examined the length of 
service of each sufferer ami occupation. These results'are also shown 
in Table 17 Shepherd notes that the highest incidence and greatest 
number of handling incidents occurred in the 26-30 year age group 
and further that there was a marked diminution of accidents with in­
creasing age thereafter, although this was not significant. It is, 
however,' interesting to note that in terms of length'of ■ service ,
60p of the incidence occurred during the first year, of employment, a 
figure which io only slightly higher than that of Kosiak et,. al (1968) 
and Wilkins et ,nl (1957). These observations also reinforce the con­
clusions of Blow and Jackson (1967) who noted a marked diminution of 
spinal injury with increasing age (p <  O.OOl), the commonest cans© 
of such injuries being the manual handling of cargo.. They note 
that this is probably due to inexperience, inadequate training, and 
attitudes to manual handling in the younger ago groups (up to 34 years) 
of ago) whose members take pride in their muscular strength rather . 
than their physical skill.
Shepherd (1970) also notes a significantly higher incidence 
rate. (p<o #025) among labourers and Drivers and fitters, although 
tills latter group only accounted for 0.6^ of the population. Thus 
the majority (6G>) of handling accidents occurred in semi-skilled
Total Lost Time In ju r ie s  a r is in g  from Manual Handling against Age
D is tr ib u tio n , Length o f  Service and Occupation. From Shepherd, 1970.
Age Group L . T . I . Total Employed No/1000 a t  r is k .
under 21 12 330 36.4
2 2 - 2 5 15 269 55.8
2 6 - 3 0 19 326 58.3
31 -  35 15 317 47.3
oiCO 12 300 40.0
41 -  45 7 209 33.5
46 -  50 7 266 26.3
51 -  55 5 170 29.4
55 over 5 156 32*1
Total 97* 2,339 . 42 .8
*  3 ages not known.
Length o f  Service % of a l l  handling accidents
Under 1 month 10
1 - 3  months 15
3 - 6  months 15
6 - 1 2  months 20
over 12 months 40
Trade L . T . I . Total Employed No/1000 at r isk
Labourers 60 944 63.6+
Joiners 22 788 27.9
Bricklayers 6 343 17.5++
Drivers & F i t te rs 6 13 461.5+
Finishing trade 3 144 20 .8
Supervisors 3 107 28.0
TOTAL 100 2,339  42.7
(p<0.025) + s i g . greater than overa ll mean. 
< . - f ’ . less than o vera ll  mean.
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and unskilled workers• Finally, Shepherd, notes evidence that 
many employees will attempt to lift loads far in excess of their 
capabilities, that many do not know.the basic principles of 
handling, also that rather than got mechanical means to move 
objects that may involve a wait, they.will have a go and if 
necessary, get- further .‘manual' assistance* /
CHAPTER II 
Functions of the Spine
In manual Handling the forces acting on the spine derive 
from the effects of gravity which vary with posture and from muscular 
action. Its function as a weight bearing organ may be seen in the 
fact that the lower the location of a vertebra in the spine, the 
larger it is# The cross sectional area of the vertebral, bodies 
increases markedly from the thoracic through the lumbar region 
down to Iy (Davis, 1955# 1961)#
The weight appears to be transmitted in the lumbar region by
the bodies and not by the posterior bony elements (ilachemson, 1962)# 
If the posterior bony elements have any weight bearing function 
of . loads in the vertical direction, it must certainly be very 
small, at least for loads up to 220 Kp. (hachemson, I960, 1965)#
It is however, noted by Davis (l96l) that there is a sig­
nificant inverse relationship between the relative sizes of the
pedicles of and and the areas of and Iy Davis suggests
that the neural arch is responsible for resisting an anterior com­
ponent of force whereas the Lj. and bodies resist the other 
component of the vertical compressive force normal to their surfaces# 
A similar relationship in sise of the transverse processes suggests 
that part of this neural arch transmission is carried through the 
transverse process and by inference, through the ilio -lumbar 
ligaments* These findings suggest that in the upright posture 
the pressure on the lumbo-sacral disc is less than on those above*
In the flexed position however, when the lumbo-sacral angle is 
reduced, and the load transmission function of the neural arch is
minimised, the increased load say well play an important part
: in prejudicing the integrity of the lumbo-sacral disc*
Kany complex models have been constructed over the past century 
in an effort to understand tha function of the erect human spine*
The most useful and perhaps' tho most accurate, is that of Asimissen 
and Klausen (1962) -in whcih the spim  is considered to bo a seg­
mented polo joined to tho parts lying eaud&lly to it* This segmented 
pole is stabilised by guy wires represented by the muscles of 
trunk f the abdominal muscles in "the front and side and tho erector
fi
opinae in the. back and side*
Because'of the-constantpchanging position' of the spine, even 
during so called {.pilot standing it would seem that tho spine must 
•bo kept in position(by'active -forceslpfimril^ rather than a 
balanced.' equilibrium* Asmussea (i960) and Assiussen and Idausen (1962) 
demonstrated by electromyography tiiat only one set of these muscles 
is generally active during quiet standing. In the majority of 
.subjects tooted by.Asmussen (i960) the muscles of the lower erector 
spina© acted against gravity, in standing, whereas the abdominal. 
muscles were silent* But. in 5 out of some 20 subjects the abdom­
inal muscles were active, "and the lumbar musculature was silent* 
Asmussen concluded that in the majority of individuals tested the 
centre of gravity for that part of the body above the lumbar lordosis 
would lie ventral to tho axis of movement* Tho spine therefore, 
does not in general approach tho lino of gravity, and gravity will 
not tend to increase all curves of the spine, but will rather 
tend to diminish the lumbar lordosis*
The earlier models constructed by Steindler (1955) are at 
variance with these findings* X-ray studies of normal adults 
revealed that on the average the centre of gravity passed 1 cm. 
ventral to the fourth lumbar vertebral body and therefore ventral 
to the movement axis of the lumbar spine (Asmussen, I960).
When, in addition to the weight of the body, a load is 
added, an entirely new situation exists. The reaction of the 
spine, and its supporting musculature,to an increase of the pull 
of gravity was investigated by IGLausen (1965). The curves of the 
spine were measured with an inclinometer (Asmussen and Heeb^l -Ilielsen, 
1959). The placement of the line of gravity in relation to the 
fourth lumbar vertebrae and the ankle joint was determined using 
a strain gauge dynomometer, and the activity of the trunk muscles 
and some of the leg muscles was investigated electro myographically* 
Using two 20 Eg weights, six carrying positions were investigated.
From a discussion of the mechanical effects of gravity Kiausen 
concluded that the short, deep muscles of the back must play an 
important role in stabilising theindividual joints, and that the 
long back muscles or the abdominal muscles are responsible for the 
stabilisation of the spine as a whole. Kiausen noted that an in­
creased puli of gravity was always counteracted by increased activity 
in one set of muscles only, that is, either in the back muscles, 
or in the abdominal wall muscles. An increased pull of gravity 
gave rise to a flattening of the lumbarlordosis. Asmussen and Kiausen 
(1962) noted that an increase in the two forces - the pull of gravity 
and the contraction of the deep back muscles - will cause an increase 
in the compressive forces on the interveftebral discs, and since these
discs, in the lumbar portion of the spine, are highest ventrally, 
the absolute deformation will also be largest ventrally, and thus 
cause a decrease in the lumbar lordosis.
In relation to load placement IQausen noted that a load 
placed high on the back caused slight trunk flexion, and this 
increase in flexor force was counteracted by an increased activity 
of the lower back muscles. Conversely a load placed low On the 
back caused the activity of the back muscles to decrease, and in 
most cases the pull backwards was counteracted by the psoas muscle.
When a load is added anteriorly the mechanical analysis of the / 
forces acting on the spine becomes more complicated and one has 
to consider both the muscule-skeletal mechanisms and other factors. 
Uhen stooping, for example, with the trunk horizontal there is no 
direct axial thrust. The effect of gravity on the upper part of the 
body is then resisted by two equal and opposite forces forming a 
mechanical couple. One component of the couple is produced by 
contraction of the erector spinae group of muscles; the other is 
the compressive force between vertebral bodies (see fig* 5 )♦
The moment of the couple (the perpendicular distance between the two 
lines of force) ‘a* in fig. 5 , is approximately one sixth of the 
horizontal distance between and and the centre of gravity of 
the upper part of the body* Therefore the spinal extensor couple 
is at a 6:1 mechanical disadvantage in relation to the upper body 
weight, implying a six fold increase in extensor force to maintain 
the trunk in a horizontal position as compai^ ed with standing erect. 
For positions between stooping and erect postures the compressive 
force is made up partly by the mechanical extensor couple and 
partly by direct axial thrust, depending on the angle of inclination
FIG.3
E
C
Diagram showing the forces developed in maintaining a horizonta l  
position in a human subject in a stooping posture (from Troup, 1968) 
1E * is  the extensor force transmitted pos tve rtebra lly  
'C' is  the compressive force between vertebra l bodies 
and
'a '  is the moment o f  the couple
'W  is  the force resu lt in g  from the weight of the upper
p a rt  o f the body acting ‘through i t s  centre o f  g rav ity  which
is  at a distance x from the lumbo-sacral d isc.
Thus both ‘E 1 and ‘C1 are equal to  Wx
a
(see fig. 4 )♦ Thus as the trunk moves from the horizontal to the 
vertical position, the magnitude of the mechanical couple decreases 
and the magnitude of the direct axial thrust of the body weight 
progressively increases.
Lucas and Breller (i960) noted that the ligamentous spine 
has little stability. They have shorn that the critical load 
value for the ligamentous spine, fixed at the base, is approx­
imately four and a half pounds, or much less than the weight of 
the body above the pelvis. Also they noted that if the load is 
increased,further buckling occurs and make the suggestion that the 
stability of the spine is dependent largely on the action of the 
extrinsic support provided by the trunk muscles* Eie (1966) noted 
that the isolated lumbar spine can resist flexor forces approaching 
in magnitude those customarily induced in the living but further 
noted that the resistence of the ligamentous luiabar spine to 
bending forces is low when compared to the resistance encountered 
in axial thrust* The significance of this is that in full flexion 
of the trunk, the erector spinae muscles, which have been considered 
as antagonists to gravity were found to be electrically silent. 
(Akerbolm, 1948; Allen, 1948; Floyd and Silver, 1951; Carlsoo, 1961)•
Floyd and Silver (1955) in an extensive study involving electro­
myographic, photographic and radiographic methods, demonstrated that 
in 116 of 150 subjects, the erector spinae muscles relaxed completely 
in full flexion of the trunk (which they called *flexion relaxation*) 
while in 34 of the 150 subjects various pathological conditions 
prevented relaxation* They attributed the absence of contraction, 
when observed with the subject in full flexion, to be due to increased

FIG. 4
Diagram showing the forces developed in maintaining an in c l in e d  
position in  the human trunk (from Troup, 1968)
*E * is  the extensor force transmitted postvert-ebrally
'C 1 is the compressive force between vertebra l bodies
'a ' is  the moment o f the couple
is  the angle o f  e levation  from the horizontal
'W' is  the force re s u lt in g  from the weight o f  the upper p a r t
o f the body acting through i t s  C o f  G. which is a t  a
distance x cos 06 from the 1 umbo-sacr.al d isc . For 
equ ilib r ium  the n e t t  resu ltan t moment around L^/S^ must
equal zero, there fore  E.a = Wx c o s ^
The to ta l  vertebral compression a t  L^/S^ in  th is  in c l in e d  pos it ion  
wi l l  be the sum o f the mechanical couple and the d ire c t  a x ia l  th ru s t  
of the body weight.
Thus C = M.Sm + Mcosoc x
a
tension of, and support from, intervertebral ligaments. This 
finding (support by ligaments) appears to be analogous to the 
observation by Basmajan (l96l) that ligaments, and not muscle 
contraction, prevent distraction of the shoulder and elbow joints, 
even when the upper extremity is carrying a heavy load# In the 
stooping posture, therefore with the trunk fully flexed and knee 
extended, the posture is maintained by the hip extensors and further 
lumbar flexion resisted by the posterior spinal ligaments, some 
passive elastic muscular components and by compression of the 
lumbar vertebral bodies and discs. During the early phase of 
lifting from the stooped position, the prime movers; are the 
extensors muscles of the hip (Denslow and Gutensohn, 1967).
When vertebral bodies are compressed, there is an increase 
in pressure within the nucleus pulpouup. By pressure measurements 
in the nucleus pulposus N.achemson (i960) demonstrated that the 
nucleus in normal and slightly degenerated discs behaves hydro-* 
statically and that the pressures in normal autopsy specimens were 
found to be on average 30 to 50 per cent higher than the applied 
load per unit area• It was concluded that the nucleus pulposus 
transformed the vertical compressive forces into tangential, stresses 
in the annulus fibrosus# These stresses were estimated to be three 
to five times'the applied load per unit area* The vertical pressure 
on the annulus was thought to be low#
Nachemson (1963) in examining degenerated discs noted that - 
they did not behave hydrostatically and that in general the pressures 
observed were lower than in-normal discs# He concluded that the 
annulus was subjected to higher vertical stresses and lower tangential 
forces in degenerated specimens* These findings were confirmed in 
intravital measurements (haehemson 1966).
On the basis of geometric calculations, Bradford and Spurling 
(1945)# indicated that the pressure within the discs of the lumbar 
region could be as high as 726 Kg,, when lifting a weight of 45*4 Kg* 
These theoretical calculations are however not in keeping with what 
is known about the yield points of the annulus fibrosus (Bartelink 
(l957)& Virgin (l95l) ) which are known to have a mean of 324 Kg*
Bartelink (1957) showed that in the lumbar 3-4 disc of a man 
of forty five the disc broke down completely with a pressure of 
340 Kg* Dissection of this and other specimens showed that the 
chief reason for the collapse was a large number of vertical 
fractures in the vertebral bodies (fractures in the cranio-caudal 
direction) some of which were running radially. Corresponding with 
the fracture^ the cartilage plates and the discs shored tears that 
in the central areas were deep enough to let the nucleus material 
escape, but towards the margin of the disc were much more shallow* 
Clearly, therefore it is necessary to postulate additional support 
for the spine under the stress of weight lifting.
This further mechanism that comes into play when rapid extension 
of the trunk is required, or when heavy weights are being lifted is 
provided by increased intra-abdominal pressure caused by the 
simultaneous contraction of the diaphragm, levator ani, oblique and 
transverse abdominal muscles, sometimes supported by similar 
increase in pressure in the thoracic cavity. The operation of this 
pneumatic mechanism was postulated by Keith (1923) and investigated 
by Davis, (1956; 1957; 1959 a, b)# Bartelink (1957); Morris, Lucas 
and Bresler, (1961); Davis and Troup, (1964 a).
Keith (1923)# in his Hunterian lecture said that in the 
standing or sitting posture there is a positive intra-gastric 
pressure of between 3 to 5 mm of mercury and that only when extreme 
inspiratory efforts were made to raise and expand the chest that a 
slight negative pressure appeared. When a subject lay on his 
back he noted that the intra-gastric pressure rose to 16 mm. Hg. 
and that the intra - rectal pressure on standing in an easy posture 
was 15 to 20 mm of mercury. He added that the chief muscles of the 
abdominal wall, the two recti, the external obliques, and the 
interal obliques, are primarily muscles of the spine; they are , 
powerful postural antagonists of the component elements of the 
erector spinae muscles. The spinal muscles thus formed a great 
cylinder within which was packed the column of abdominal contents.
He further argued that the abdominal contents are subject.to 
compression of the cylinder of postural muscles and added that 
during violent muscular effort the intra-abdominal pressure will 
rise up to 100 to 150 mm of mercury*
"It is with the evolution of the plantigrade posture of the 
human body that the postural compression of the abdominal viscera 
reached its highest peak" (Keith 1923).
Overholt (1931) end Lam (1939) considered that the variations 
in intensity of the intra-abdominal pressure at different levels 
in the body at rest could be explained by the abdominal contents 
acting as a fluid column.
Murphy and Kengert (1933) measured the intra-abdominal pressure 
by inflating a balloon placed high up in the vagina and asking the 
subjects to strain down. The subjects were asked to "strain down" 
as though they were in the second stage of labour, although none 
were pregnant at the time. This produced a maximum effect in the
sitting position when pressures of 147 mm. Hg. were obtained* They 
found that visceral weight profoundly affected this pressure; from 
the loiee-chest position to the sitting position the pressure 
rose from 0 to 23 mm. Hg., this confirms Overholts hypothesis 
of hydrostatic pressure#
Rushmer (1946) measured the intra-abdominal pressure in 
anaesthetised dogs by surgically introducing and parti^ally in­
flating a rubber balloon in a dogs abdomen. He further studied 
intra-rectal pressure by means of an inserted balloon whose position 
was studied roentgenographically in a series of 44 human subjects 
at rest in different positions. He found that in both series the 
abdominal contents behaved as a fluid column, and that with the 
subject at rest the pressure depended upon the height of the column 
of viscera above the point of measurement. The correlation co­
efficient between the measured intra-abdominal pressure and the 
height of the hydrostatic column above the level of measurement in 
six dogs was p.S3 where n was 43* In the second series using 
human subjects the correlation coefficient between the recorded 
pressure and vertical distances from the balloon to the dome of 
the diaphragm, which increased progressively as the subject rose 
from lying to erect position stopping at 30 and 60 degrees of 
inclination, was 0.88 when n was 50. He further suggested that the 
intra abdominal pressure may partially balance the venous and 
capillary pressures,opposing the tendency for pooling of blood 
within the splanchnic reservoir. He also suggested that the rectal 
wall played little or no part in the production of the human intra- 
rectal pressure at rest•
Rushmer (1947), using , aesthetised cats, observed that during 
positive radial acceleration the intra-rectal pressure, is pro­
portional to the applied centrifugal force, and was able to deduce 
that under the effects of gravity and centrifucal forces, the abdomen 
resembles a collection of fluids within a container having flexible 
walls* In his experiments with falling cats, surgically implanted 
with fluid filled rubber balloons in the mid-axillary line between 
the lower rib margin and the ilium, Rushmer observed a positive 
pressure ranging from 803 to 2607 mm* Hg. when the cats landed on 
the ground with a force of approximately 270 g* By slow motion 
photography, he also demonstrated pressure waves in the peritoneal 
cavity. At impact, he-noted that the antero-posterior dimensions 
of the abdomen was suddenly reduced with simultaneous expansion of . 
the thorax. In a few cases, he observed that the anterior abdominal 
wall appeared to be traversed by a compression wave which usually 
travelled towards the thorax*
Adno (1956) investigated the intra-abdominal pressure in humans 
at various positions in the abdomen (rectum, stomach, peritoneum 
and bladder) by means of a strain gauge connected to the subject 
by a rigid-walled polythene catheter filled with normal saline.
The output from the strain gauge was fed through an amplifier to 
a recording device. For intra-peritoneal pressures Adno attached 
the catheter to a needle or a cannula which was then inserted into 
the peritoneum. To record intra-gastric pressure the subject 
swallowed the catheter until a positive pressure reading was obtained 
this indicated that the tip of the catheter had passed through the 
negative pressure area of the oesophagSn into the stomach. Adno
noted that at rest, the abdominal pressure varied from 3*6 to 
14*4 mm. Hg. above that of the atmospheric pressure. He thought 
the lower pressures were associated with expiration. On coughing, 
straining, or attaining the erect position, the pressure rose 
considerable (73 mm#- Hg.). Simultaneous readings from intra- 
peritoneal and bladder cannulae* showed identical patterns and 
similar pressures under various conditions and different positions. 
For practical purposes Adno suggested using the empty bladder in 
order to measure intra-abdominal pressure.
Davis (1956) in a series of healthy adult^ males measured 
the intra-abdominal pressure by balloons in the rectum and stomach 
while the subjects were lifting weights in three postures - upright; 
stooping and prone with the legs supported in line with the un­
supported trunk. The pressure changes observed followed a common 
pattern regardless of posture though the values differed in magni­
tude* The pattern consisted of an abrupt rise in pressure during 
the lift (the snatch pressure), a rapid fall to a level above the 
resting pressure while the weight was held in a given position 
against gravity, and a return to the resting level when the weight 
was put down* The pressure changes were small in the upright position, 
greater in the stooping position, and greatest in the prone position. 
Davis (1957) suggested that the increase in intra-abdominal pressure 
during weight lifting acts by raising the pressure below the dome of 
the diaphragm, thus enhancing the lifting effect of the diaphragm 
on the lower ribs. lie considered.that in this manner the ribs act 
as a lever on the spine to resist spinal flexion; he found that the 
greater the flexion force being exerted on the trunk by the weight,
the greater was the intra-abdominal pressure* He noted that the 
immediate rise in pressure is often greater than the sustained rise 
during weight lifting and suggests that the immediate large snatch 
pressure is due to the greater force required to raise the weight 
against gravity than to hold it still against gravity. Further he 
noted that lifting of heavy weights is frequently accompanied by 
breath holding and by a stifled grunt; to raise the intra-thoracic 
pressure as well* This, he suggested, was to assist in extending 
the thoracic column thus preventing approximation of the ribs and 
thereby also exerting an extensor force on the spine*
Bartelink (1957) made several observations about the role of 
intra-abdominal pressure in relieving pressure in the lumbar inter- 
vertebral discs. He confirmed through his experiments that the 
intra-abdominal pressure, measured by means of a small balloon in 
the stomach, increased proportionally with the amount of weight 
lifted and varied with the degree of inclination of the trunk.
While lifting weights, the peal: pressures occurred when the weight 
was lifted about 20 to 30 cms. above the surface and not in the 
initial stages of the lift. The pressure declined rather rapidly 
and reached an insignificant level even when the body was inclined 
forward at an angle of 15° to 20°. In the upright position, what­
ever the load in the hands, the pressure was usually very low and 
never significant. Bartelink noted that maximum pressures Varied 
with the individual. Athletic people showed pressures of 140 mm. Hg. 
slightly built people sometimes not more than 60 mm. Hg. In 
sudden lifting efforts increases in pressure were sharp. During 
the measurements, it was also noted that sudden extension of the 
trunk from the stooped posture is accompanied by an initial high
peal: of intra-abdominal pressure? and that if a person flexes the 
trunk and suddenly stops this movement a high spike of pressure is 
seen at the instant of stopping. In view of the fact that there 
was a clear relationship between effort of the trunk, especially 
sudden effort, and the intra-abdominal pressure, it was suggested 
that the tensed abdomen acts as af,muscular skeleton;11, and the 
longitudinal compressive stress was partially ‘transferred from 
the spine and thoracic cage to a sort of “fluid ball” running 
anteriorly from the costal margin to the pelvic floor and guided 
posteriorly by the spine. Bartelink calculated the thrust trans­
mitted by the diaphragm to the lower thoracic cage and noted it to 
be small compared with the loads calculated for the spine itself, 
but also noted that it acts on a longer lever than the one on 
which the erector spinae act, and it has a considerable extensor 
effect. The pull required by the erectores spinae, therefore, 
undergoes a proportionately large reduction, and decreases-the 
magnitude of the calculated pressure rise in the lumbar intervertebral 
discs.
In reviewing the causation of hernia, Davis (1959 b), noted 
that the appearance of anterior wall herniation, and of visceral pro­
lapse was often associated with heavy weight lifting but that dia­
phragmatic herniation rarely arose from such activity. While 
analysing the forces active in a stoop lift, Davis (1959 a ), con­
sidered that there were two complementary mechanisms involved when 
large flexion forces are resisted by the human trunk, these being 
the spinal column and its musculature, and the pneumatic mechanism 
of raised pressure in the truncal cavities.
The role of intra-abdominal pressure in relieving spinal 
stress was challenged by Bearn (l96l). He believed that the 
observed increases in activity of the erectores spinae and those 
of the abdominal wall were likely to increase the magnitude of 
spinal stress* He concluded that the tension developed in the 
anterior abdominal wall although contributing to the upward thrust 
through the diaphragm, tends to flex the vertebral column, and 
that the associated increase in activity of the erectore3 spinae is 
a synergic response to neutralise this effect# He further con­
sidered that contraction of the abdominal muscles and of the 
diaphragm, with weight lifting, with consequent rise in the intra­
abdominal pressure, serves to stablise the thoracic cage against 
the compressive forces of latissiaus dorsi#
Morris, Lucas and Bresler (l96l), calculated that, without 
the pneumatic mechanism, the force on the lumbosacral disc would 
be 940 Kg* in a person performing a stoop lift with a weight of 
91 Kg* By taking account of the pneumatic mechanism and other 
factors they deduced that the actual pressure generated within the 
disc would be 675 Kg* - a reduction of 265 Kg* from the original 
estimate*
To explain this, difference between the two calculated pressures 
they carried out a series of static and dynamic loading experiments 
on ten healthy male subjects* They monitored the intra-thoracie 
and intra-abdominal pressures by means of small rubber eoesophageal 
balloons which were partially inflated with a small amount of air 
to prevent occlusion of the openings of the catheter by the mucosal 
lining of the organs* At the same time, they measured the electrical
activity of four sets of muscles; intercostals, abdominal obliques, 
rectus abdominis, and the deep muscles of the back by means of 
wire electrodes. Their study provided further evidence that the 
intra-thoracic and intra-abdominal pressure rises provide sig­
nificant support to the spine. They found that the action of the 
intereostals and the muscles of the shoulder girdle rendered the 
mobile thoracic cage into a rigid structure suitable for the 
transmission of large forces. Contraction of the diaphragm, 
attached at the lower mai’gin of the thorax and overlying the 
abdominal viscera, and of the muscles of the abdominal wall, 
especially the transversus abdominis, has a similar effect on the 
abdomen. By fitting their six subjects with an inflatable corset 
they found that the activity of the abdominal muscles was greatly 
reduced in lifting activities similar to those performed without 
the corset, although the pressures observed remained high* They 
suggested that the pneumatic mechanism is under reflex control*
They concluded that during lifting with the trunic inclined at 
40° above the horizontal, the pneumatic mechanism could relieve 
the lumbo-saeral disc of about 50 per cent and the lower thoracic 
spine of about 50 per cent of the stress that would otherwise be 
present*
In relation to different dynamic lifting techniques, Morris 
et:al (l96l), noted that the pressures observed for flexed knee 
lifts were greater than for straight knee lifts where the back 
did the lifting. This was more marked with the heavier weights 
of 68 and 91 Kg., when it was noted that subjects found it necessary 
to flex the spine partially with the flexed knee method of lifting.
Eie and Helm (1962) by means of a balloon-catheter method, 
measured intra-abdominal pressures in two athletes during lifting, 
jumping and other physical exercises* They note that when lifting 
with a flexed trunk much higher rises of intra-abdominal pressure 
occur than when the person'lifts in a way maintaining the lordosis 
and keeping the trunk upright* In analysing the various forces 
acting on the lumbar sacral disc in subjects during forward bending
and loading they said that the resultant forces perpendicular to the
ms /
disc ps the sum of the components of the load, the upper body
weight and the muscular force minus the force of the intra-abdominal 
pressure (see fig* 5 )•
R = (Q + V) Cosoc 4- II - Fp, whereoc is the angle of inclination 
of the trunk, F Is the area of abdominal cross section, p is the 
abdominal pressure, and (Q 4- V) Cos <*- is the component of the load 
and upper body weight. They further pointed out that the muscular
force and the abdominal pressure act in the same direction, clock­
wise about the axis* Oppositely directed are the moments of the load 
and the upper body weight*
In a static equilibrium the sum of moments must equal sero#
Ml>  Fps s.QL sin** 4- Via sinot , where 1 is the arm of muscular 
force, S the arm of force of the intra-abdominal pressure, L the 
distance from the projection of the shoulder joints on the spine to 
the nucleus pulposus in the lumbar sacral disc and h the distance from 
the 9th thoracic vertebra to the lumbar sacral disc* The pressure 
on the disc can therefore be given by:
• R « (QIi + Vh) Sin<*- 4- (Q 4- V) Cos* - Fp (I* + X)
~T~~ ■ ■ ■; . '
FIG. 5
Resultant o f  Forces  ^ perpendicular to the disc
R = M + (Q + V) cos06 -  Fp
Moment o f forces about the disc
M £ + FpS = Q sin^c L + Vsin ot- h
Thus R = (QL + Vh) sin + (Q + V) cos**- -  Fp (S + 1)
I I
Force o f  abd.
pressure, Fp Qcoso6K M, Muscular Force
F = area o f  abdominal cross-section  
p = abdominal pressure 
Q cos od = component o f  load 
V cos = component o f upper body weight
Moment o f  forces about nucleus pulposus
from Eie and Wehn, (1962)
Davis and Troup (1964 a), extended the concept of spinal 
stress analysis by investigating intra-truncal pressure changes 
during pushing, pulling and stoop lifting in both male and female 
subjects* Hales were asked to push, pull and lift weights of 
20, 30 and 40 Kg* and for females weights of 20, 30 and 35 Kg* 
were employed. Table 18 shows the mean intra-abdominal pressures 
(snatch pressures) recorded in 16 male and 15 female adults when 
pushing, pulling and lifting.
•Text Table 18 
Snatch Intra-abdominal Pressures Recorded for Pushing,
Pulling and Lifting Tasks from Davis and Troup (1964 a).
Task Mean'Intra-abdominal Pressure (mm Hg.)
Kg. Male Female
Pull 20 10.4 • 12.8
30 21.9 14.2
, 35/40 22.7 15.5
Push 20 20.7 19.1
30 31.0 24.6
35/40 40.0 34.4
Lift 20 15.6 23.3
30 19.1 19.7
- s ' - '
35/40 25.2 25.0
Of the three activities they found pushing produced the highest 
pressures and pulling the least* A significant difference between 
the sexes was also noted in their study; tfhen stooping to lift 
intra-oesophageal snatch and sustained pressures were less frequently. 
induced in females than in males, in contrast to intra-abdominal 
pressure changes where increases were induced with similar fre­
quencies in both sexes* Thus, they suggest that when, stoop lifting 
females more commonly contract the diaphragm against a high 
abdominal pressure while keeping the glottis open, and the males 
more often close the glottis and raise both the intra-thoracic and 
intra-abdominal pressures* They cautioned against high intra­
abdominal pressures which may cause herniation, but noted that snatch 
pressures did not exceed 60 mm Hg. They observed that the magnitude 
of the snatch pressure was proportional to the speed of lift and 
recommended that lifts be performed slowly.
Sasaki (1969) supports the results of Davis and Troup (1964 a) 
from a series of investigations in which he monitored intra-thoracic 
pressures in four young men by an oesophageal balloon. He noted 
that the increases in intra-thoracic pressure caused by pushing 
were greater than those observed by pulling the same loads for 
weights above 20 Kg. The effect of increasing weight was more 
marked in pushing than in pulling. When the subject was instructed 
to inhale and then to hold breath prior to the manoeuvre, intra- 
thoracic pressure increases were greater in both pushing and pulling.
In considering the effects on the trunk during stoop lifting 
Davis and Troup (1964 b) noted that the weight exerts a flexor 
moment on the trunk which is counteracted by two mechanisms. The
first is the spinal extensor couple formed by tension in the 
posterior spinal ligaments and contracting spinal muscles on the one 
hand and compressive resistance of the vertebral bodies and inter- 
vertebral discs on the other. The second, is the pneumatic mech­
anism of the abdomen. In the stooping posture the lumbar spine is 
in a flexed position and many post vertebral spinal muscles move 
forwards towards the spinal column thereby reducing the effective 
lever arm of the extensor couple. However, this mechanical dis­
advantage in spinal flexion is somewhat compensated for by a 
corresponding increase of the lever arm of the pneumatic mechanism. 
In the erect posture, when the lumbar spine is extended, the 
spinal muscles are at a greater distance from the vertebral bodies 
and discs and act at a greater advantage, but the pressure mechanism 
is less well placed (Davis & Troup 1964- b).
In the stooping position the lever arm on which the load 
acts is about six times the length of the lever arra of the spinal 
extensor couple, so that the spinal muscles and ligaments and 
intervertebral discs are at a 6:1 disadvantage in relation to the 
weight. vJhen lifting is performed with an erect trunk, the weight 
acts almost in the long axis of the spine. In such a posture 
minimal spinal muscle contraction is needed to support the load, 
and the spinal mechanism has little or no mechanical disadvantage 
(Davis and Troup 1964 b).
Davis, Troup and v/hitney (1966), using a force platform in 
conjunction with pressure measurements obtained correlations between 
trunk stresses and increased intra-abdominal pressure of the order 
of 0.78# Based on this evidence they suggested that intra-abdominal 
pressure increases can be used during physical activity to assess
the relative magnitudes of trunk stesses in subjects performing 
different working manoeuvres.
Using intra-abdominal pressure changes as an indirect form 
of trunk stress measurement Davis and Troup (1966) studied three 
lifting methods during the erection of hydraulic props at different 
working heights. In this series intra-abdorainal pressure was 
recorded using radio pills swallowed by the subjects instead of 
balloons (see p. 152 Radio Telemetry )• High speed synchronised 
cine-photography and eyclophotography (Davis et al, 1965) was 
used to record the movements of the props and lumbar spine.
Three lifting techniques were investigated; knees up (squatting 
on heels), knees down and an oblique method where only one knee 
was in contact with the ground* They noted that of the three 
methods investigated the knees-down lift induced least stress,this 
being most noticeable when the prop was erected slowly* With
to
g height thejr note that somewhere between 107 and 137 cm
reduced* By plotting the mean intra-abdominal pressure rise multi­
plied by the duration of the pressure against the time of completion 
of the task,curves can be obtained which they suggest offer an 
optimum speed of lift resulting in least overall stress.
Asmussen and Poulsen (1968) questioned the hypothesis that 
intra-abdominal pressure relieves the back muscles of a part of 
the load when lifting* In their experiments, with two subjects 
holding weights in a 45 degree forwardly inclined static posture 
with straight backs, they estimated the pull of the erectores 
spinae from calibrated peak mean voltages of electromyograms from
N
there is a critical point below which trunk stesses are greatly
the lumbar section of this muscle and recorded their intra- abdominal 
pressures by means of gastric balloons. They found that although 
the intra-abdominal pressure rose with increasing loads, the ensuing 
torque was too small to explain the difference between measured 
pulls and theoretically expected pulls of the back muscles. The 
pressures they observed were much smaller than those observed by 
other workers. Davis (1956, 1959 a), Bartelink (1957), Morris 
Lucas and Bresler (1961) and Lie and Wehn (1962). In a supplementary 
series of experiments their subjects were asked to inspire, hold 
the breath, and by a Valsalva-like manoeuvre increase the intra­
abdominal pressure while holding 40 Kg in the 45 degree forwardly 
inclined static posture. They observed that during this manoeuvre 
electromyographic activity of the erector spinae increased. On this 
inadequate evidence, they surmised that the intra-abdominal pressure 
does not assist erectores spinae and offer the tentative suggestion 
that as the load on the discs increases it may be the outstretched 
annulus fibrosus which renders the spine more resistant to bending 
forces, thus greatly reducing the required muscular pull.
Kumar (l97l)t investigated the part played by intra-truneal 
pressure rises in various physical activities. In a series of 
experiments he recorded intra-abdominal pressures by means of 
calibrated radio prills, abdominal and spinal electromyographic 
records by means of surface electrodes whilst postures were observed 
by sychronised cine photography. He obtained highly significant 
correlations between the magnitudes of erector spina.e activity and 
increases in intra-abdominal pressure and further noted that both 
parameters showed progressive increases with increases in the
magnitude of truncal stress. He noted a high degree of simple 
correlation between the magnitude of the weight lifted in a stooped 
posture, and the intra-abdominal pressures generated during the lift- 
up and lift-down phases in both males and females. This confirms 
previous observations. (Davis, 1956; 1959 a» b; 1964; Bartelink, 1957 
Morris, Lucas and Bresler, 1961; Eie and TJehn, 1962).
To investigate further the suggestions of Bartelink (1957) 
and Morris et al (l96l), that the intratruncal pressure increase 
occurs as a reflex phenomenon, Kumar (1971, & 1973) studied the 
lumbar vertebral bodies and intervertebral discs of rats, cats and 
human fetuses by a number of heurohistological techniques. Mo 
nervous structures were observed, and experimental increases in 
pressure within the lumbar nuclei pulposi in cats evoked no increase 
in the sensory input to the relevant dorsal nerve root, nor did they 
initiate any reflex response of the abdominal muscles. Kumar 
suggests that stretch receptors in the erector spinae may be 
responsible for initiating reflex increases of intratruncal pressures 
during longitudinal compression of the spine.
It has been demonstrated that intra-abdominal pressure can 
act as an extensor force on the body to aid the erector spinae 
and act against compression of the disc, (fig. 6 ), The intra­
abdominal pressure will tend to strengthen and elongate the spine 
by creating a moment of force in front of the disc. (Bartelink, 1957; 
Eie, et al, 1962). The intra-abdominal pressure can reach 140 mm Hg. 
which, although y i a relatively small force . acts on a lever arm 
of considerable length.
Diagram shaving the intra-abdominal pressure and i t s  re la t io n  to other  
forces developed in  maintaining a horizonta l position in a human trunk in  
stooping posture (from Troup 1968)
E
C
I
1E * is  the extensor force transm itted  p o s tv e rte b ra lly
*C 1 is  the compressive force between vertebra l bodies
I  is  the resu lt in g  vector o f  the intra-abdom inal pressure acting  
in  an opposite d irec t io n  to force E a t  a distance 'b 1 from the ' 
long a x is 'o f  the spine ‘ a 1 is  the le v e r  arm o f  force ‘ E1.
‘W is  the force resu lt ing  from the weight o f  the upper p a r t  o f  • 
the body acting through i t s  C o f  G. a t  a distance o f  ‘ x ’ from 
the 1 umbo-sacral d isc.
When there  is  no increase in  intra-abdom inal pressure and 1 = 0
C = Wx . Thus when W = 35Kg ‘x 1 = 30’ cm and ' a 1 = 5cm 'C ‘ = 210Kg.
a . ’ '
I f  an add it ion a l weight is added'and held in  the hands so th a t  'W* =
'C* = 420Kg. When the intra-abdominal pressure is  ra ised ‘C  = Wx
a.
Thus i f  ' I '  = 40Kg, and V = 6  cm 'C' = 332Kg.
70Kg,
-  I(a-hb)
It has already been implied that the theoretical approaches to 
the stresses on the lumbar discs may well be in error# Recently 
it has been possible to study directly, through a pressure trans­
ducer placed in the intervertebral disc, the stress that is created 
in various postural positions (Nechemson, I960; 1963; 1965; 1966; 
1968; 1970; Nachemson and Morris, 1964, ?siv.yan et al 1972)» 
Nachemson (1965) has demonstrated that if a 70 Kg man tilts forwards 
20° in the standing position and lifts 50 Kg# by his hands, the 
total load on the L„ disc will be about 300 Kg. Khe marked
'j ■
difference between this direct measurement ana a theoretical 
calculation can be explained by the stress relieving effect of the 
intra-abdominal pressure#
CHAPTER III
Spinal Mobility
Introduction
Material handling very frequently requires lateral flexion 
and rotational movements as well as flexion and extension of the 
spine in the sagittal plane. Davis (l96l) has suggested that in 
the flexed position the load transmission function of the neural 
arch is minimised when compared -with an erect posture. Also 
Davis and Troup (l964»b) note that the moment of the extensor 
couple and the perpendicular distance between the longitudinal 
axis of the spine and the vector of the increased intra-abdominal 
pressure keeps on changing throughout a lift and that this alters 
the mechanical advantage of the two extensor components. Clearly, 
therefore, a study of the motion of the spine is required when 
investigating dynamic handling tasks if the stresses imposed on 
the trunk are to be understood.
Measurements of the magnitude and direction of movement in 
the various regions of the spine have beensbudied both in the 
living and in preparations of dead material. Studies using the 
later have however serious drawbacks aside from any post mortem 
changes that may affect the mechanical properties. Stripped of its 
supporting musculature the specimen when subjected to mechanical 
forces will respond in a manner different from that in the living 
back under muscular control* Further in the case of the thoracic 
region, where the ribs are cut beyond their angles a greater freedom 
of movement is possible than in the living subject.
The normal movement of the spine in vivo has been studied 
using X-ray techniques by a large number of authors (Junghanns, 1931; 
Backe, 1931; Dittaar, 1930-31a, 1931b; Tanz, 1953; Leger, 1956; 
Allbrook, 1957#)* Determination of spinal movements with this 
technique essentially consists of taking antero-posterior or lateral 
radiographs before and after a certain movement* Allbrook (1957)# 
using lateral radiographs of the lumbar spine obtained in full 
flexion, in the erect posture and in full extension, superimposed 
the images of the sacrum in all three positions, thus giving a 
fixed point for the measurement of the movement of each lumbar 
vertebra, between the position of full flexion and fhll extension* 
Eadiological measurement, though the most accurate of all 
known methods, has the greatest disadvantage that X-rays themselves 
may be harmful to the subject*
The normal movement of the spine in vivo has also been studied 
by external methods of measurement by a number of authors, (HcKendriek, 
1916; Keller, 1924# Bohm, 1959# Davis, Troup and Burnard, 1965#
Lindahl, 1966; Gregerson and Lucas, 1967#)* Altogether five 
external methods have been described in the literature: firstly, 
measurement of the change in distance between spinous processes 
during flexion and extension (HcKendriek, 1916; Keller, 1924#)# 
secondly, measurement of the changes in angle between perpendiculars 
to the skin overlying the spinous processes (Bohm, 1959; Israel, 1959; 
Davis* et al» 1964 b;) thirdly, estimation of the combined sagittal 
movement of the trunk and hips from measurements of the angles 
between the thorax and the femora at extremes of flexion and 
extension (Lindahl, 1966;) fourthly by measurement of the dis­
placement of Steinmann pins inserted into the spinous processes
(Gregerson and Lucas, 1967;) and finally by tracing the shape of the 
vertebral column using an apparatus consisting of two linked rods 
each mounted on and pivoted about a sine - cosine potentiometer 
(Tichauer, Miller and Nathan, 1973)*
Despite the extent of many studies either using osteo-liga- 
mentous preparations, or using living subjects, there is still no 
absolutely precise measure of complex spinal movements* Also the 
relationship of movements between spinal regions and with the rest 
of the body has been given little attention* Similarly, spinal 
movements under dynamic eonditons have been neglected, attention
Kas
instead jboen focused on static postures representing extreme limits 
of a particular range*
External Method of Measurement 
a* Sagittal Movements*
Bluementhal (1912) reported a simple method of estimation of 
spinal movement* He attached small circles of adhesive plaster to 
skin overlying the spinous processes, and ran linen threads from 
these in parallel across a smooth surface, the threads being kept 
taught by hanging weights on them. Each thread- bore a bead at a 
standard distance from the plaster circle* Tracing of the beads 
gives the superficial configuration of the vertebral column and 
follows closely flexion and extension of the spine* The merit of 
this device is that it does not hinder body movement (Reported by 
Kumar 197l)*
HcKendriek (1916), measured gagittal lumbar mobility by 
comparing the interspinous distances in flexed and extended postures 
between the spinous processes of the fourth lumbar vertebra and the
posterior superior iliac spines (a ), and between the spinous 
processes of the twelfth thoracic vertebra and the fourth lumbar 
Vertebra (b ). In the seated subjects these distances increased 
from extreme extension to extreme flexion.(inches)
A B
Extended 1.75 4.00
Flexed 3.00 6.50
Keller (1924) repeated McKendrick*s measurement on one subject. 
Attempts to repeat the methods of HcKendriek were abandoned by 
Troup and Fielding (1965) for three reasons. Firstly, they said 
that in full extension the spinous processes are so close to each 
other that it is very difficult to identify them separately.
Secondly, there was no surety that the prominent part of the bony 
landmark palpated in one posture was identical with that in another. 
Finally, they found that cutaneous marks do not always correspond 
with the bony landmark in question due to variable skin mobility.
Israel (1959)»'used a flexible ruler which he aligned to 
the contours of the skin over the spinous processes of ten female 
ballet dancers of ages ranging from 18 to 35 years. He tSen 
applied this curve to paper and transferred the outline by means 
of a pencil, He then drew tangents at the ehds of the curve* At 
the intersection of the tangents, he measured the angle by means 
of a protractor. He estimated a mean movement of 36° in the lumbar 
region between flexed and extended postures in the sitting position. 
Attempts to use this technique were abandoned by Troup and Hood (1964) 
because of the errors of aligning the rule to the spinal contour and 
because of the wide variation of results obtained when reproducing 
curves of a given radius.
Harker-pins with their bases strapped to the skin, can be
used to indicate perpendiculars to the contour of the skin over 
the midline of the spine level with bony landmarks* Flint (1963) 
correlated measurements of lumbar vertebral posture obtained from 
photographs of subjects wearing such pins with measurements from 
radiographs of the same subjects in similar postures, The coefficient 
of correlation she obtained was statistically significant (p^ 0*0l) 
but the observations on which it was based were not made simultan­
eously*
Troup (1968), fixed radiographic markers to the spine at the 
levels of the first lumbar vertebra and sacrum in 7 patients 
investigated in a radiological study. Estimates of the movement 
between postures between and the sacrum were compared with 
estimates from the most consistent of the radiographic methods 
of measurement• The markers were shorn to be reliable between the 
flexed and erect postures, the measurements giving a statistically 
significant correlation with those obtained radiographically (p,^ O.OOl) 
Further extension from the erect posture led to errors which were 
thought to have arisen from movements of the skin under the markers*
External markers were used for demonstration of gross movements 
of the spine by Davis, Troup and Burnard (1965) during stoop 
lifting and lifting with bent knees and erect trunk* In a chrono- 
cyclophotographic study they found that after a preliminary extension 
of about 5° the lumbar spine was frequently locked for a short Tdiile 
and then extension began which continued smoothly throughout the 
lift* They found that all lifts, in all positions of the body, were 
accompanied by considerable lumbar extension. The point during the
lift at which continuous extension began varied markedly* Generally 
the continuous lumbar extension began when the weight had reached 
between a quarter and a half of its final height* In the straight 
leg lifts, both unladen and with a load of 20 Kg, lumbar extension 
began when the lift was about three-eighths completed. In the knee 
bent lifts with unladen carriers extension began earlier than in 
the straight leg lifts and later than in the straight leg lifts when 
the carrier contained 20 Kg. Davis etal (1965) found that the 
difference in delay of lumbar extension between bent knee lifts 
with no load and with 20 Kg. loads was statistically significant 
(p <  0 .05), further there exists a significant correlation between 
increasing delay in the onset of lumbar extension and the lifting 
of increasing heavier weights (p.^ O.OOl). Both nett extension 
and the total excursion during lifts were greater when lifting with 
straight legs than tfhen lifting with bent knees and a more erect 
spine, the difference between the means being of the order of 10°
(p*K 0.05)* V7hen lifting with bent knees there was considerably 
more variation in both measurements than there was for lifting with 
straight legs.
In relation to the movements of the trunk as a unit, Davis 
et al (1965) noted that the total vertical distance travelled by 
the hips was invariably less than that travelled by the shoulders, 
so that in all manoeuvres the trunk finished in a position more 
vertical than that in which it started. In some subjects they found 
that when lifting the heavier weights the hips initially rose 
faster than the shoulders, indicating an initial decrease in the 
angle between the trunk and the ground at the beginning of the lift*
They found that thoracic movements were of small amplitude 
and inconstant in direction in any of the lifts. Lumbar movements 
usually consisted initially of slight flexion being followed by 
continuous extension. The range of lumbar movement was of the order 
of 50°, being greater when stooping than when bending the knees.
When lifting with bent knees the delay in onset of continuous 
lumbar extension was proportional to the weight of the load.
Loebl (1967) described simple and reliable goniometer 
incorporating an eccentrically weighted protractor rotating freely 
on a central axis. This is fixed on a narrow box from which two 
padded feet project* The feOt are 9 cm. apart and are placed in 
the mid line over the spinous processes* He took a number of 
readings of inclination over the spinous processes of 176 subjects 
aged between 15 to 84- years, in the upper-mid, and lower thoracic, 
lumbar and sacral regions* He measured lumbar mobility in the 
sagittal plane and found his results to be repeatable. But they 
do not necessarily represent the actual movement of the lumbar 
region because of the magnitude of the distance between the feet 
of his goniometer,
Lindahl (1966) measured sagittal mobility of the lumbar spine 
of 58 patients with normal backs* First he determined the combined 
mobility of the hip and lumbar spine and then subtracted the sagittal 
mobility of the hip from the total to obtain lumbar mobility. The 
procedure was applied to both hip joints, thus providing a check 
of the accuracy* The examination was performed with the patient 
lying supine on a table over the end of which the legs hung from the 
hips* The thighs were then lowered until the lumbar spine and 
hips were full extended* In this position the pelvis and lumbar
spine were locked by preventing movement of one thigh. The other 
thigh was flexed fully in the hip joint until a resistance was 
felt. This part of the movement of the thigh constitutes a deter­
mination of the sagittal mobility of the hip (Ahlback and Lindahl, 
1964). The fixed thigh was then released and the flexion of the 
other thigh was can tinned up to the trunk, the lumbar spine being 
thereby kyphosed or flexed* In this way one can measure the 
change in angle of the femur first with one thigh fixed (range 
of mobility of the hip-joint) and then with the thighs.released 
(range of mobility of the lumbar spine)* The mobility of the lumbar 
spine was then obtained by subtraction,
Lindahl(1966) found that the sagittal mobility of the lumbar 
spine for the age group 20-29 years was 89° and for the group 
above 70 years was 4B°* The results choired that mobility diminished 
with age and that there were extremely large individual variations * 
Troup, Hood and Chapman (i960), studied sagittal mobility of 
the lumbar spine and hips in 10 male and 10 female subjects* They 
photographed subjects wearing white external markers similar to those 
used by Davis et al (1965) against a black background, The markers 
were fixed to the Skin so that they indicated a perpendicular to 
the contour of the skin over the midline of the spine , at the level 
of the first lumbar spinous process and over the sacrum level with 
the posterior superior iliac spine. They made observations of 
seven postures: .(a) stooping with trunk flexed and knees extended;
(b) squatting with knees flexed and fingers touching the floor;
(c) sitting erect with legs horizontal and knees extended; (d) sitting 
erect with hips and knees flexed to 90°; (e) standing erect with
one heel resting on stool at mid-thigh, both knees extended;
(f ) standing erect with one foot on stool at mid-thigh level and 
knee fully flexed; (G) standing erect.
They found that the lumbar vertebral posture is largely secondary 
to the postural relationship between the trunk and the lower limbs.
Two thirds of the total range of the lumbar movement between the 
erect and fully flexed postures is represented in five positions 
in all of which the trunk is vertical* Lumbar movements are there­
fore secondary to those of the lower limb, providing the inclination 
of the trunk remains constant. Hhen the Inclination of the trunk 
is changing, as when lifting from a stooping position, movements of 
the lumbar spine and hip joints are not necesarily concomitant.
Troup (1968) concludes that external markers give a statistically 
reliable indication of the range of lumbar movement between erect 
and flexed postures as measured radiographically* But, individual 
variations in measurement of up to 12° were recorded. Their use 
for quantitative measurement of movement in individuals is not 
justified, but in groups of subjects in whom postures and move­
ments between full lumbar flexion and the erect position are invest­
igated ) their use is acceptable*
Troup et al (1968) also estimated the range of lumbar flexior/ 
extension by subtracting,the range of movement of the hip joint 
from the cOmbinedvjiovements of hip and lumbar region as LindaLl (1966),and 
Troup et.al (1968), were able to validate the method radiographically. 
Total movement was obtained by measuring the angles between the 
femora and a tangent to the contour of the spine at ^ 1/12 i*1 ftilly 
flexed and extended postures. Lumbar flexion/extension was obtained 
by subtracting the average hip flexion/extension on the two sides 
from the difference between the femora/trunk angles in.the'two postures.
They found that lumbar flexion/extension is negatively 
correlated with the age of the males (p.^ 0.05) but not significantly 
correlated with age in females. In neither sex was there a statisti­
cally significant relationship between the range of flexion/extension 
of the lumbar spine and hips. They found that the mean value of the 
range of sagittal mobility of the lumbar region in males was 79,8° 
and in females, 80,9°,
Neither Lindahl*s (1966) method of measuring lumbar sagittal 
mobility nor the modifications of his technique used by Troup ej; al 
(1968) is simple enough to recommend for practical use. Further, 
such methods are unreliable for any accurate measurements to be 
taken* Troup et al (1968), show^ that individual variance from 
day to day, and even minute to minute is considerable. These 
methods also seem to have the additional disadvantage that they 
are subject to error arising from the sacroiliac movement* They 
therefore offer only an approximate estimate of the gross movement 
of the entire spine with an unknown degree of error; evaluation 
of the mobility of individual joints being entirely out of the 
question,
Macrae and Wright (1969) in developing an objective test of the 
motion of the lumbar spine for epidemiological purposes were 
attracted by a simple test of anterior flexion described by Schober 
(1937), which depended upon stretching or distraction of the skin 
overlying the back on anterior flexion* For the method of Schober 
(1937), the subject stood erect and the lumbosacral junction was 
identified and marked* /mother skin mark was made 10 cm* above this. 
The subject then bent forward as far as possible and the distance 
between marks was measured, the increase being a measure of anterior
flexion. This method was modified by Macrae and Wright (1969) 
by introducing a second measure from the upper mark to a third mark 
placed 5 cm, below the lumbosacral junction,' that is, a distance 
of 15 cm, in the erect position. The accuracy of the two methods 
was checked radiographically by placing lead markers over the 
skin marks on subjects and taking elateral radiographs with the 
subject first standing erect, and then in full anterior flexion.
The distraction of the markers was measured directly and the in­
clination of the lumbar spine was estimated by measuring the angle 
formed by lines connecting the anterosuperior comer of the first 
lumbar vertebra^, the sacral promontry, and a convenient bony 
landmark on the sacrum, the same bony pointsrhaving been identified
l/h
yo each pair of films by superimposition.
Macrae and Wright (1969) found that with both methods there is 
a linear relationship between the distraction of the skin marks 
and true forward flexion of the lumbar spine, but the modified 
method affords a considerable improvement in accuracy. Both tests 
were applied to a population, comprising probands with ulcerative 
colitis, and their relatives and spouses, a total of 195 females 
and 147 males* The results of the survey showed that the ability 
to flex the back is a graded character dependent on age and sex.
The males showed a significant falling off of performance with 
increasing age, (vK. 0*0Gl), but this was exhibited to a more 
striking extent by the females, ( p <  o.ooi). They conclude that 
although clinical identification of the lumbosacral junction is not 
easy and it has been shown that faulty placing of the skin marks 
seriously impairs the accuracy of: Schoberfs method, the modified
method affords a considerable improvement in accuracy* Finally, 
they judged that the overall accuracy of this method was adequate 
for an epidemiological survey.
Moll and Wright (1971), presented a range of normal values 
for spinal mobility measured in three planes of movement by means 
of objective clinical methods. The population studied was obtained 
by consecutive sampling of clinically and radiographically normal 
relatives of patients with psoriatic arthritis during a family 
study of this disease. A total of 237 subjects (119 males, and 
118 females) comprised the normal group in which all aged between 
the second and ninth decades were represented.
The method to measure anterior flexion was that used by
Macrae and Wright (1969). For the measurement of spinal extension,
two marks were inked on the skin of the lateral trunk with the 
subject standing erect. The upper mark represented the intersection
of a horizontal line through the xiphisternum with the coronal line.
The lower mark represented the intersection of the horizontal line
through the highest point of the iliac crest with the coronal line.
The point of a plumb line was suspended to coincide with the lower
mark whilst the thread was held at the upper mark. To facilitate
the manipulation the subject was asked to stand erect with hands
on head. Without support he was instructed to bend over backwards
as far as possible without flexing the knees. During this movement
the distance travelled by the plumb line pointer was marked on the
skin of the flank and measured in centimetres. They found that this
distance correlated satisfactorily ('N = 0,75, P*^ O.Ol) with
thoraco-lumbar extension measured radiographically.
Moll and Wright (l97l), found that mean anterior flexion and 
extension, measured in centimetres, increased from the 15 to 24 
decade to the 25 to 34 decade then progressively decreased with 
advancing age in both sexes* They found that spinal mobility 
diminished by as much as ,50$ between youth and old age, but added 
that the scatter of spinal mobility varied considerably between, 
and within, decades* In relation to sex differences they found 
that male mobility exceeded female mobility in anterior flexion 
and extension#
Tichauer, Miller and i-fatlian (1973), designed a device to 
map the configuration of the vertebral column to determine whether 
a quantifiable causal relationship could be found between spinal 
curvature changes and the loads that cause them* The apparatus 
consisted of two linked rods each mounted on, and pivoted about, 
a sine-cosine potentiometer# A tracing of the shape of the vertebral 
column is produced when a stylus is run along the vertebral eolumii; 
rotation of the two rods about the potentiometers produces changes 
in voltage proportional to the angles traversed# An analog com­
puting module converts these voltages into x-y coordinates of the 
stylus with respect to a fixed origin, conditioned for input into 
an x-y recorder. The device is calibrated by running the stylus 
along an indexed vertical reference surface, using the calibration 
tracing as a reference line for the vertebral column tracing.
Using two holding tasks, either a two minute hold or a hold 
to the limit of endurance, up to 10 minutes Tichauer et al (1973) 
selected 10 females of different body type* A variety of weights 
and bulk/weight ratio loads were used in the holding tasks.
Each subject was positioned in front of the apparatus with the 
heels at a fixed distance from the vertical reference fixture#
Once postural equilibrium was attained, the stylus of the apparatus 
was run from the tip of the sacrum to the superior nuchal line and a 
preload trace was recorded# A load was then handed to the subject 
and additional recording were made at 2 minute intervals* After 
the maximum duration the load was removed and a post-task trace 
of the subject taken*
Tichauer et al (1975). found that young women standing at 
ease or holding a small load may assume an infinite variety of 
postures limited only by physical capability, anticipation of 
discomfort, and requirements to maintain balance. Because of the 
smaller range of lumbosacral adjustment shown by ectomorphs,
Tichauer assumes that this group may have a lower physical tolerance 
to excessive arching. Endomorphs, however,were noted to show great 
flexibility of adjustments and he concludes that because of their 
weight distribution, endomorphs can easily counterbalance loads by 
rearward thrust of the buttocks, back-arching or leaning.
This technique employed by Tichauer. ne t ral (1973) to determine 
the relationship between spinal curvature changes and the loads 
that cause them is limited in its use to small ranges of movement 
of slow periodicity. Determination of spinal curvature changes 
in dynamic lifting tasks would not be possible using this technique 
although it may be of use in studies of mobility wherecone is con­
cerned with the degrees of movement between static postures re­
presenting the extreme limits of a particular range.
Kumar (1974) used a pair of spinal marker (Flint, 1963) to 
represent perpendiculars to the skin at first lumbar and first
sacral vertebral levels in a study of spinal notion during lifting*
He observed that lumbar spinal mobility during natural weight-lifting 
varied between 42° and 63° of sagittal movement and further that 
the lower lumbar region was f ound to be more mobile than the upper*. 
During the initial phases of the lift cycle Kumar notes that the 
lumbar vertebrae are fixed and further that extension begins at a 
critical level which is a function of the weight being lifted.
This supports the observations of Davis et al (1965)*
b. Lateral Flexion and Axial Rotation,
As with flexion and extension, observations on lateral flexion 
and axial rotation have been made both in the living, and using 
preparations of dead material. Weber (182?), was the first to 
record the observed results of experiments designed to show spinal 
movements* In five living subjects he measured the movements of the 
head relative to the trunk, and the trunk. relative to the pelvis 
and noted that the head and neck could rotate relative to the trunk 
through a total arc of 80°, and that the rest of the spine could 
rotate for about 30 • These rotation measurements were made with 
the body held erect* When however, lateral flexion of the neck 
was allowed,rotation of the head increased by about 20° (Reported 
by Davis 1957)*
Tolkmann (1872), observed rotational movements of the vertebral 
column in two living subjects* His technique consisted of standing 
the subject upright, facing directly forwards, and then asking 
him to turn his head and trunk to one side as far as possible while 
keeping his feet still. He then measured the amplitude of rotation 
of the pelvis, the shoulders, and the head. He found that in the 
neck about 20° of rotation could occur to one side, and that about
25^ of rotation could be obtained in tlie trunk* He thought, however , 
that no rotation had in fact occurred in the luiabar region of either 
subject* Using methods similar to those of Volkmann, Guerin (1876) 
observed the amplitude of lateral flexion in the various regions 
of the spine, and found that the greatest movement occurred in 
the neck; a little movement occurred in the upper,and rather more 
in the lower thorax, but below the last thoracic vertebra there 
was virtually no lateral flexion*
Lovett (1903, 1905) from clinical experience, and after 
observing normal individuals from the front, the side, and from 
directly above during movements of the spine, stated that rotation 
and lateral flexion accompany each other* Further, he stated that 
lateral flexion in a sagittally flexed position causes rotation 
in one direction, while that in the extended position causes rotation 
in the opposite direction*
Cyriax (1924), described an inexpensive method of measuring 
spinal rotation. He called his device the * Spinal Torsionometer*•
It consisted of an aluminium block (lO x 7 cm) with a scale 
graduated in degrees; above this wassuspended a fine needle which 
read the angle at which the block was lying, The person to be 
examined was placed prone on a couch; a line drawn with a dermo- 
graphic pencil through the tips of the spinous processes in the 
region desired, together with the transverse lines through the 
middle of each such process* The torsionometer is placed trans­
versely on the points of intersection of the lines on successive 
vertebrae and the amount of rotation directly read off* No correlation 
with other methods of measurement was reported, and the method appears 
to have little practical value*
Gregerson (1966) & Gregerson and Lucas (19&7), studied axial 
rotation of the thoraco-lumbar spine vivo in seven male subjects 
aged between 20 and 26 years. They inserted tip-threaded Steinmann 
pins into holes in the spinous processes by means of a hand drill, 
at vertebral levels which differed for each subject. Thus, they 
were • able to obtain measurements of movements between given 
vertebrae in more than one subject* These studies were performed 
with the subjects standing, sitting, bending laterally and during 
level walking.
Axial rotation was measured directly by transmitting the displace­
ment of the pins through a flexible extension arm to a relative- 
rotation transducer. The angular motion of the rotation was con­
verted into linear motion by the transducer and was recorded. They 
immobilised the pelvis to a large extent by means of a sacral belt 
to which a further rod was attached, and any small amount of pelvic 
rotation recorded by the sacraLbelt rod was deducted from the amount 
recorded from the thoraco-lumbar pin3 to give the actual rotation.
They found an average of 74 degrees of axial rotation occurred
between the first and twelfth thoracic vertebrae in standing. In
one subject, 11 degrees of rotation occurred at the thoraeo lumbar
joint and 9 degrees between the first and fifth lumbar vertebrae,
The average cumulative amount of axial rotation measured at the first 
thoracic vertebrae was 102 degrees. Their full findings are in the
following tables, (Tables 19 & 20 ),
Gregerson and Lucas measured axial rotation at the lumbo­
sacral joint in two subjects and found that when standing the range 
was significantly greater in the same subjects than when sitting*
Maximum ax ia l ro ta tion  of the thoracolumbar spine: Standing pos it ion .
Level JI.D. S.G. D.P. P.Q. D.T. J.W. N.W. Rotation  
fo r  each 
Level
No. of subjects
T -l 105 99 102 2
T-2 70 70 1
T-3 70 70 1
T-4 63 75 69 2
T-5 51 51 1
T-6 50 69 62 2
T-7 47 45 50 59 50 4
T-8 42 43 55 45 3 -
T-9 49 49 1
T - l  0 41 41 1
T - l l 35 35 1
T - l  2 18 34* 29 30 28 4
L - l 18 18 V
L-2 18 .15 16 2
L-3 13 13 1
L-4 15 15 1
L-5 17 13 9 . 13 3
Pelvic pin (20) (1)
No. of pins 6 ' 4 2 2 8* 8 4 Toial:34
*Subject had t^o separate studies o f T - l 2 . The amount o f  ro ta t io n  reported
here is  the maximum recorded fo r  him a t  th is  l e v e l .
TABLE 20
Maximum ax ia l ro ta tio n  o f the thoracolumbar spine: S i t t in g  pos ition
Level 0 .D. S.G. D.T. J.W. N..W. Rotation fo r No. o f Subjects .
each level
T - l 87 87 1
T-2 70 70 1
T-3 74 74 1
T-4 83 83 1
T-5
T-6 45 68 57 2
T-7 48 49 50 45 48 4
T-8 33 35 34 2
T-9 44 44 1
T - l  0
T-n 29 29 1
T -l  2 15 15. 1
L-l 11 11 1
L-2L-3
L-3
L-4
L-5 3 3 3 2
Pelvic  pin (3)
No. o f  pins 5 3 2 7 2 Total: 19
The average amount of rotation for the two subjects was 3° for the 
seated manoeuvre as compared with 15° during standing. They further 
suggest a similar decrease in rotation during sitting as compared 
with standing may occur at the other lumbar levels. They found 
no significant variation in the pattern and amount of axial rotation 
in the thoracic spine during sitting and standing.
During normal level walking on a treadmill, Gregerson and Lucas 
found that the pelvis and lumbar spine rotate as a functional 
unit and that in the lower thoracic region axial rotation diminishes 
gradually up to the seventh thoracic vertebra, Further, the seventh 
thoracic vertebra represents the area of transition from vertebral 
rotation in the direction of the pelvis rotation to rotation in the 
opposite direction - that of the shoulder girdle. In the upper 
thoracic spine, they found that axial rotation increases gradually 
from the seventh to the first thoracic vertebra* On the basis of 
this, they suggest that the greatest axial rotation and, hence, the 
greatest stress, occurs in the mid-thoracic level during walking, 
(see Table21 ),
In an additional study, they found that axial rotation in­
variably occurred with lateral flexion. This supports the concept 
that axial rotation is an integral motion of the thoracolumbar 
spine during lateral bending. They did not confirm Tans1 s (l95i) 
observations that a limited degree of discrete lateral flexion or 
rotation is possible,
Pavelka (1970) described a method of axial rotation measure­
ment of the vertebral column that depended as Schober (1937), on 
the measurement of different distances at the surface of the body.
TABLE 21
79
Axial ro ta tion  o f  the thoracolumbar spine: Level walking
J.D. S.G. D.P. P.Q. D.T. J.W. N.W. Rotation fo r
each l e v e l .
Shoulder bar 5.4 6.1 6.1 5 .8
T - l 5.0 5.1 5.1
T-2 7.0 7.0
T-3 3.7 3 .7
T-4 4.3 4 .3
T-5 5.0 5 .0
T-6 6 .4 0* 3.2
T-7 0* 0* 0* 0*
T-8 2.0 2 .0
T-9 3.2 3.2
T-10 4.5 4.5
T-n 5.4 5 .4
T-12 9.2 3.4 5.6+ 6.1
L - l 5 .9 6 .0 6 .0
L-2 6 .8 8.1 7.5
L-3 7.1 7.1
L-4 . 9 .4 9 .4
L-5 5.1 5.7 7.0 5.9
Pelvic  pin 7.4 7.5 7.5
No. of pins 6 4 1 2 7 8 2 T o ta l :30
*  A minimum amount o f  ro ta tion  occurred a t  th is  le v e l ;  the d irec t io n  was 
sometimes th a t  o f  p e lv ic  ro ta tio n  and sometimes th a t  o f shou lder-g ird le  
ro ta t io n .
t  Subject J. W. had two separate studies o f T-12 during w alk ing. The 
amount o f  ro ta tion  reported is  an average fo r  him at th is  level fo r  the 
two studies.
For this method, the subject stood erect and the spinous processes 
of Lj- and were identified and marked* The process of the 
xiphistemum and suprasternal notch was also identified and marked, 
together with the central point of the lower jaw*
The axial rotation of the lumbar region was estimated by 
firstly measuring the distance from to the xiphistemum with 
the subject in the upright position and then remeasuring the same 
distance with maximal rotation of the whole spinal column.on both 
sides* Axial rotation Of the thoracic region was estimated in a 
similar manner using the marks on and the suprasternal notch* 
Likewise axial rotation in the cervical region was determined using 
the distraction between the marks on and the central point of the 
lower jaw.
Using 50 female students, a group of 61 patients with ankylosing 
spondylitis and a group of 55 patients with spondylosis, Pavellca 
measured axial rotation in.the three spinal regions and compared 
means* The differences between the groups were found to be sig­
nificant!y different, (p.^ 0*001)• The students showed the largest 
vertebral column axial rotation; the group with ankylosing spondylitis 
the least* lo attempt to correlate this technique with radiographic 
methods was made*
Moll and V/right (l97l), presented a range of normal values for 
spinal mobility, measured in three planes of movement by means of 
objective clinical methods* (see page 71)•
For the measurement of lateral spinal flexion Moll and v/right 
used two ink marks on the skin of the lateral trunic, with the subject 
standing erect. The upper mark represented the intersection of a 
horizontal line through the xiphisterum with the coronal line*
The.lower mark represented the intersection of a horizontal line 
through the highest point of the iliac crest with the coronal line#
The distance between these two marks was measured in centimetres#
The subject was then asked to bend sideways as far as possible by 
sliding the hand down the homolateral thigh. At the end this 
movement the distance between the two marks was again measured#
They found that the difference between the first and second measure- 
ments correlated satisfactorily ( f-' = 0#70; 0#00l) with lateral
thoraco lumbar flexion measured radiographically#
Holl and bright (l97l) found that mean lateral mobility* as 
measured in centimetres, was greater in females than in males#
They found that lateral mobility diminished by as much as 53^ 
between youth and old age, the greatest reduction being observed 
in females# They added that the scatter of lateral mobility varied 1 
considerably between and within decades.
c# Translation along the three axis#
Longitudinal translation involves vertical displacement along 
the long axis of the erect spine# Weber (1827), showed that gross 
elongation or shortening of the column was not possible# Vertical 
compressive movements of the spine have been extensively investi­
gated in osteo-ligamentous preparations#
In vertical compression, the vertebrae have been generally 
regarded as solid, non-compressible parts of the specimen and 
it has been thought that any longitudinal deformation arose from
n
changes in the intervening discs (Gocke, 1932; Virgin, 1951,
Ingelmark & Ekholm 1952; Hirsch and Hackemson, 1954; Brown, Hansen 
and Yorra, 1957; Virgin, 1958; Eie, 1966). However, Smith and Stephens
(1968), claim that under such compressive forces the adjacent 
vertebrae of a spinal unit undergo up to about 20> of the total 
deformation. The bulge of the annulus fibrosus during vertical 
loading has been measured by Hirsch and Hachemson (1954) and by 
Brom et al (1957), who report that both compression and bulging 
are somewhat greater in degenerated discs than in healthy discs.
Gocke (1952), found that in young individuals with a high water 
content in the nucleus, the disc displayed considerable elastic 
deformation on loading. Virgin (l95l), repeated the test per-
it
formed by Gocke and confirmed his findings, emphasising that the 
stress-strain diagram indicates a viscous elasticity. The total 
contraction of the whole lumbar spine is of the order of 5mm.
(Hirsch and Hachemson, 1954J Brown et al. 1957i Evans and Lissner,
1959» Rolander, 1966).
In the living there have been relatively few investigations 
into vertical displacement along the long axis of the erect spine.
Code, Williams, Baldes and Ghormley(1947), discovered no sig­
nificant changes radiographically when they placed subjects in a 
centrifuge and exposed them to axial accelerations of up to 6g.
Grey and Hosking (1965) measured increases in the length of the 
lumbar region of up to 5mm, when subjects were given therapeutic 
traction* ‘ .
Translation along the frontal axis leads to a parallel, lateral 
displacement of the vertebrae* This is prevented by the shape of 
the articular processes, but it is represented by lateral displace­
ment of the vertebral body which may accompany either longitudinal 
rotation or lateral flexion (reported by Troup, 1968). Rolander (1966) 
measured lateral displacement in osteo-ligamentous preparations by
horizontal displacement gauges and noted that such motion seldom
j.
exceeds - 1 mm., and was never more than — 2 mm*
Translation along the sagittal axis namely antero-posterior 
displacement of the vertebrae is extremely limited and has been 
studied by only a few workers. Anteriorly the motion is limited 
by apposition of the articular processes, and posteriorly by the 
interspinous ligaments, nevertheless, sOme displacement along this 
axis accompanies flexion and extension. Knutsson (1944), examined 
radiographically patients in the erect position as well as in extreme 
flexion and extension. He found that in the normal cases parallel 
displacement does not take place between the vertebral bodies, 
smooth angular movements only occurring. In degenerated discs, 
however, he noted signs of instability in the fora of parallel 
displacements and abnormal tilting movements between the vertebrae. 
Hagelstam (1949), measured such displacements and found the magnitude 
to be limited to 1 mm or at the most 2mm at each lumbar joint.
CHAPTER IV
Mechanics of Lifting
Weight-lifting generates large compressive forces acting in 
the long axis of the spine. Further, the magnitude of such forces 
depends at any instant on the amount of the weight being lifted 
(Davis, 1959a), its acceleration (Davis, 1959, a & b; Morris,
Lucas and Bresler, 1961; Davis and Troup, 1964; 1966) and the 
posture of the trunk (Davis, Troup and Whitney, 1966), The 
interaction of these entities determines the strength of the 
muscularo contraction required for the accomplishment of the task.
In the erect posture the centre of gravity of the trunk lies 
in or anterior to the first lumbar vertebra (Braune and Fischer; 
1889)* Allen (l943), Kelton and Wright, (1949); Floyd and Silver, 
(1950, 1955) have shown that there is virtually no muscular 
activity when the body is in a balanced upright position. This is 
at variance with the views of Asmussen, (i960), and Asmussen and 
Klausen, (1962) who observed muscular activity during so called 
quiet standing. In the majority of subjects tested by Asmussen, 
(i960), the muscles of the lower erector spinae were active in 
standing, whereas the abdominal muscles were silent. From this ' 
Asmussen concluded that in the majority of subjects tested the centre 
of gravity for that part of the body above the' lumbar lordosis 
would lie ventral to the axis of movement. Thus, it seems that, 
when erect, the direct compressive force acting on a vertebral 
segment is comprised of the weight of the body above that given 
segment together with a small force from the trunk musculature.
As the trunk approaches "the horizontal in flezion, the mocb- • 
anical analysis boc'osoe more complicated, and one has to consider 
both the • Kjueoulo-skeletol aechcmisas and other factors* •
■ \ihm stooping, with the . trunk horizontal there in no' direct 
axial thrust (see P* .40 ), Bm trank in forward inclination .is 
held in- position- by-''two e^ml and opposite forces forming a mechanical 
couple* One of these forces is' produced by contraction of 'the • 
erector spina© group, of mucelos,: the other is the ..ccopmsoiv© . 
force acting longiiudin£ilXy through the vertebral bodies and their 
discs* (see fig* 3 p«40 )* Bm moment of the couple is the 
perpendicular. distance between the two lines of force. At the 
Zu&bo sacral disc,.when the trunk is horizontal, the length of 
this. lower a m  is'one-sixth that of the -lower a m  on which the 
weight acts, (Bavis, 1954 a)*- For positions between stooping and 
erect positions, ‘ the compressive force is made up, partly by direct 
axial ■ thrust, depending on the angle of inclination (so© fig* -4 p. 41 ) 
When rapid. extension of the trunk is required, or when heavy - 
weights are being lifted, the foregoing considerations, apply* but a 
further mechanism coses into play* M s  is provided by increased 
•intm~abdcmiml- pressure, - sometimes supported by similar incre *3 -
in pressure in the thoracic cavity (see Chapter 11, pp* 47-58)*
Bavi© and fr-oup (1964, b*) note that - the moment of the, extensor . 
couple and 'the.perpendicular distance between the longitudinal • 
arts- of the spine and the vector of the increased- intra-abdominal' 
pressure kmpsj m  changing throughout a lift * In the stooping 
posture the lumbar spine is flexed which reduces the length of the 
lever a m  on widoh the extensor muscles act but - increases the
perpendicular distance between the longitudinal axis of the spine 
and the vector of the intra-abdominal pressure as shown in fig* T  * 
Also, Floyd and Silver (1955), have shown that during the early 
phases of a lift in this position, there is little contraction 
of the long spinal muscles* This mechanical disadvantage in 
spinal flexion is somewhat offset by the greater mechanical ad­
vantage of the intra-abdominal pressure mechanism in this posture*
In the extended position, the lumbar lordosis becomes more pro­
nounced and the spinal muscles are at a greater distance from the 
vertebral bodies and discs and act at a greater advantage, but the 
pressure mechanism is less well placed. This reverses the situation 
of the mechanical advantage of the two forces, (see fig. 7  ) •
Flexed posture
P a r t i a l l y  extended posture 
The comparison o f mechanical^advantage o f  the two vec to r .fo rc e s  
namely extensor force o f  the intra-abdominal pressure in  f lex ed .an d  
extended postures. Note 'a '  is  much sm aller than ‘b 1 in  the f le x e d  
posture but the s i tu a t io n  is  reversed in the p a r t i a l l y  extended postur  
(from Troup 1968).
CHAPTER V
- Techniques, of Lifting
Much attention has been paid to the various methods of weight 
lifting advocated by accident prevention associations and other 
groups concerned in the prevention of back injuries. However, little 
scientific method has been used in producing these recommendations 
on weight lifting and further, of the few that have included some 
form of scientific analyses most have considered the movement as 
static, and no real analysis of dynamic situations has been offered* 
Also, as Davis (1959), points out in relation to ways of lifting 
weights one can say that people seem to lift their burdens in 
almost as many ways as there are burdens to lift. His point is 
that the manner in which a weight is lifted is dependent upon its 
sise, its shape, its position in space, and the habits of the 
person lifting it.
The H.M.S.0. (1943) pamphlet ‘Weight Lifting by Industrial 
Workers1 recommends lifting from floor level using knee flexion 
and extension with an erect trunk. In this way it suggests that the 
muscles of the back are protected,unlike when "stiff" knee lifting 
where the strain of raising the load falls on the back muscles. 
Further, it recommends maximum loads as shown in Table 22 , to be
considered as indications of limits.
The unnamed authors of the HiM.S.O* (l95l) pamphlet maintain 
that the main cause of lifting injuries is the loss of elasticity in
For: -
Men
Women....
Male
Young persons 
Female
t  Continuous l i f t i n g  
or more a day.
TABLE 22 .
Maximum loads.
130 lbs (59Kg) compact load 
65 lbs (29Kg) in te rm it te n t  work 
50 lbs (22.7Kg) continuous work t  
60 lbs (27.3Kg) in te rm it te n t  work 
f  16 to  18 years 45 lbs (20.4Kg) continuous work +
56 lbs (25.5Kg) in te rm it te n t  work 
40 lbs (18.2Kg) continuous work +
-  th is  term is used to denote l i f t i n g  o f  one ton
from HMSO (1943)
body tissues due to poor lifting methods inducing 1cumulative 
strain*. The pamphlet then continues its main theme, that is, 
lifting instructions - *use your legs - not your back when you 
lift*.
Anderson (1951) in a qualitative analysis of bag lifting 
outlines the various steps in hoisting a bag and emphasises that 
no one method of lifting should be prescribed as the mode of 
each lift depends upon the object to be lifted, the, type of lift 
to be employed, and the anthropometric characteristics of the 
individual. In improving the method of lifting, Anderson states 
that the back should be erect if muscular effort is the only force 
employed in the lift. He maintains that by tucking the chin in 
and so straightening the cervical portion of the spine, the re­
maining spinal joints are automatically stiffened and the chest 
raised. This, he considers reduces the amount of work to be done 
by the lower spinal muscles and leads to greater efficiency of the 
shoulder and aim muscles by stabilizing their proximal attachments. 
He further notes that if possible, the weight and extent of the 
lift should be reduced but gives no suggestions in terms of actual 
figures, nor any other supportive evidence.
In further publications Anderson (1969# 1970), is joined by 
numerous other authors (Davies, 1969 & 1972; Glover and Davies, 1961 
Himbury, 1965:& 1967; Maxwell, 1957; Anon, 1969, 1970, 1971;) in 
advocating "Kinetic Methods of Manual Handling"♦
These techniques are well documented in the pamphlet "Lifting 
in Industry" (Anon, 1966) and in a film "A new way to lift" (Anon, 
1970), but the main points are repeated here:
l). Position of the feet* Good lifting starts with the 
feet* The feet must be far enough apart to give a balanced dis­
tribution of the weight; as a general rule the leading foot should 
point in the direction of the movement*
Z)m Hips* knees and back* The knees and hips should be 
flexed; and the back kept as straight as possible* with the chin 
tucked in*
3). Arms. The arms should be held as near to the body as 
possible* Holding the load as close to the body as possible 
allows friction between load and clothing to help sustain the 
load. '
4). Grasps. While these vary for different tasks, generally 
the broader the gripping surface the better. Wherever possible 
the whole of the hand should be used, not just the fingers.
5)* Pace* Lifts should be made smoothly, no jerks or 
snatches should occur*
(from Davies, 1972)
It is however, noted that the evolution of kinetic handing 
has proceeded without any scientific analysis from within the ranks 
of its advocates and no supported evidence is presented by them 
to substantiate their claims*
Davis (1959)* using five healthy adult males investigated the 
changes in intra-abdominal pressure during weight lifting. The 
subjects were asked to lift a series of weights in the erect position, 
while stooping, and while supported by their legs face downwards 
with the trunk horiztontal* The results show that there is little
pressure change within the abdominal cavity when weights are 
lifted in the erect posture. They show that there is a considerable 
increase in pressure when stooping, and that there is a direct 
relationship between the magnitude of the weight and the height 
of the pressure induced* Davis concludes that because intra­
abdominal pressures are largest in the stooping and prone positions 
that hemiae and prolapses seem less likely to occur if these 
positions are avoided when lifting* Further he notes that in the 
stooping position, there was sometimes a large initial increase 
in pressure and that its occurrence in the abdomen depended on the 
speed of the lift#
Davis and Troup (1964 a,), confirmed previous findings that 
stooping to lift commonly induces large pressures within the trunk 
cavities, and further emphasise the need to maintain the trunk in 
a vertical position when lifting# In addition, they note that 
considerable pressure changes may occur in those pushing hard with 
arms outstretched* Pulling, they found, appears to be somewhat 
less likely to produce large pressure increases within the trunk* 
Davis, Troup and Burnard (1965), investigated the timing and 
amplitudes of thoracic and lumbar spinal extension by a chrono- 
cyclophotographic technique, their attention being directed to the 
effects on spinal movements of differing magnitudes of the weight 
lifted and of different lifting methods* To follow spinal move­
ments they used the method of Flint (1965), in which pointers 
attached to the akin over the spinous processes of q, q 2, and sq 
indicated the relative positions of the underlying vertebrae* By 
measuring the angles between pairs of pins in successive images,
they determined the amounts of flexion and extension movement 
occurring in the thoracic and lumbar region for each interval of 
one tenth second* The vertical height traversed by the weight during 
the lift was also recorded together with the vertical movement 
of a marker on the greater trochanter, and, of the base of the 
pointer over T^ * All the results were then translated into graphic 
form*
In the first series, two lifting methods were used, first, the 
stooping lift, in which the legs were kept almost straight and the 
trunk was in a flexed posture nearly parallel with the ground; 
and, secondly, the bent knee lift in which the trunk was nearer to 
the vertical and the legs are flexed at the hip and knee* Using 
both lifting methods and two types of weight holder, subjects 
lifted the holders first unladen, and then when containing 20 Kg 
weights. In a second series Davis e t al (1965), used five subjects 
lifting weights of 0 to 40 Kg*, using the bent knee method* In 
this series a trochanter marker was used in addition to the spine 
pointers*
They noted that all lifts, in all positions of the body, were 
accompanied by considerable lumbar extension. However, the point 
during the lift at which continuous extension began varied markedly* 
In straight leg lifts, both unladen and with a load of 20 kg*, they 
noted lumbar extension began when the lift was about three eighths 
completed. In the knee bent lifts with unladen carriers, extension 
began earlier than in the stooping lifts and later than in the 
stooping lifts when the carriers contained 20 Kg. (Davis et al. 1965)
The delay in the onset of continuous lumbar extension when 
lifting weights by the bent knee method was studied further by 
Davis et |il, in the second series with loads up to 40 Kg. The 
results showed a significant correlation between increasing delay 
in the onset of lumbar extension and the magnitude of the weights 
being lifted* (pK O.OOl).
The nett extension and the total exertion during lifts were 
greater when lifting with the straight legs than when lifting with 
bent knees and a more erect spine, the difference between the means 
being of the order of 10°.
Davis et al (1965),reported that movements of the thoracic 
spine were of a small magnitude and inconstant in direction in any 
of the lifts. When lifting heavy weights with bent knees they noted 
that initially the hips rose faster than the shoulders, the trunic 
inclining towards a more stooping posture and it is suggested that 
this effect may offset the apparent advantages of this method of 
lifting*
This latter point is reinforced by Davis and Troup (1964 b), 
in their suggestion that heavy loads should always be used in 
training, and a careful watch kept to ensure that this dangerous 
conversion is avoided*
David, Hamley and Saunders (1968), agree with Davis et al (1965) 
and suggest further that any attempt to lift heavy loads should be 
stopped immediately if the hips cannot be kept below the level of 
the upper body as the legs extend. Mo indication is given as to 
the definition of heavy, but from inspection of the results pre­
sented by Davis et ah (1965), three subjects out of five displayed
large changes in the maximum gain in height of hips over shoulders 
when using the bent knee method to lift weights above 20 Kg.
Davis and Troup (1966) studied the effects on lumbar movement 
and intra-abdominal pressure of erection of pit props by three 
methods at different working heights. The three lifts chosen were 
representative of those most commonly used by miners at the coal 
face. Of the three techniques, Davis and Troup found that the knees- 
down lift induced significantly lower intra-abdominal pressure than 
did either the knees-up or oblique techniques. Further they noted 
that a slow lift produced less pressure increase than did a fast 
lift. By plotting the mean pressure rise multiplied by the duration 
of pressure against the time for completion of the lift, Davis and 
Troup obtained curves which suggest that there is a speed of lift 
which, by keeping the peak pressure fairly low and yet erecting the 
prop reasonably fast so that it is not held against gravity for 
long, results in least overall trunk stresses.
In relation to working heights, Davis and Troup (1966), suggest 
that somewhere between 107 cm., and 157 cm., there is a critical 
point below which trunk stresses and lumbar movement are greatly 
reduced. They consider that the critical height probably depends 
upon the stature of the individual relative to seam height.
Jackson (1968), conducted slow motion film analyses on fourteen 
instructors while performing a simple lifting task at the beginning 
of a training course and again on the fourth day. The task consisted 
of lifting a small paint drum weighting 27 Kg., from floor level 
onto a table* The object of the observation was to measure the 
change in trunk verticality between the two lifts since he considered 
the teaching, of lifting with a straight back to be one of the most
important key factors in safe handling instruction#
Jacksons results (see Table25 ) show that new lifting postures 
can be acquired during a training programme by those who are 
receptive, but adds that those who have a below average response 
need a longer period of instruction and practice.
Bachemson (1965), measured intra diseal pressure in vivo 
in forward leaning with and without weight bearing using a method 
previously described by Ilachemson and Morris (1965, 19^4). The 
method allowed measurement in a number of static positions, forward 
leaning being limited to 20°. The effect of forward leaning of 10 
and 20 degrees on the intra discal pressure in the sitting position 
was measured in eight individuals. In addition in six of the patients 
the increase resulting from holding 10 and 20 Kg,, weights in the 
hands was recorded. In two patients the same investigation were 
made in.the standing position as well.
Bachemson, noted that forward leaning of 20 degrees resulted in 
an increased intradiscal pressure, and in an increased load on the 
disc. The average increase was 50 per cent. Values between 15 and 
18 Kg/cm^ were recorded implying loads on the third or fourth 
lumbar disc of 180 to 250 Kg*, in this position, When carrying 
weights of 10 Kg,, in each hand, the load on these discs was 
between 250 and 540 Kg. Bachemson, considered that the increase 
in pressure (and load) that occurs on forward leaning is approximately 
proportional both to the sine of the angle of forward inclination 
of the trunk and to the total weight above the level measured. In 
the standing position, the increase of the disc pressure observed 
by Bachemson was proportionally of the same magnitude as those 
observed when sitting*
TABLE 23
Subject Angle between horizontal a l in e
jo in in g  C7 -  SI________
L i f t  1. (1 0 .4 .6 7 )  L i f t  2 (13 .4 .67 )
1. 30° 68°
2. 36° 65°
3 - ' 20° 72°
4 11° 38°
5 t ra d it io n a l  stoop , 0 63
6 11° 55°
7 t ra d it io n a l  stoop 0° 50°
8 6° 58°
9 7° 54°
10 24° 58°
11 4° 48°
12 11° 41°
13 8° 16°
14 4° 20°
The subjects were N.D.L.B. instructors  from the Training Schools, in  the 
35-55 age range. A l l  had extensive p rac t ica l  experience of dock work but 
had not attended previous courses on safe handling.
from Jackson (1968).
Bachemson and Elfstrom (1970), using a new type of pressure 
sensitive needle updated the previously published work relating 
to intradiscal pressures in a number of static positions (Bachemson 
& Morris, 1964, Bachemson, 1965 & 1966). Using a very small 
semiconductor strain gauge, Bachemson and Elfstrom investigated 
intradiscal pressures in a number of dynamic situations e.g. 
walking, jumping up and down on the floor, forward and sideways 
bending and twisting# Of particular interest was their invest­
igation on lifting weights* The subject was first asked to pick 
up two 10 Eg*, bar bells from a chair placed in front of him by 
flexing the trunk and keeping the legs straight. The chair was 
40 cm., high and placed 50 cm*, in front of the subject. The same 
subject, starting from the upright position, then performed the same 
lift but was asked this time to keep the back as straight as possible 
and instead flex the knees when picking up the weights* In this 
latter lift the chair was moved 10 cm., closer to the subject. The 
results (see Table 24) show that the lifting of weights causes a 
considerable increase in intradiscal pressure. Bachemson and 
Elf strom also note an obvious difference between the two manners of 
lifting; with the knees flexed and the back as straight as possible 
the load increase is considerably less than bending of the back 
alone. The mean increase in load compared to that in the standing 
position with 10 Kg. in each hand is, lifting "the right way" 
about 90 Kg*, lifting"the wrong way" about 200 Kg., corresponding 
to 70 and 17C£a increase respectively. Further, they report an 
abrupt increase in intradiscal pressure at the moment of lifting 
the load which they suggest is synchronous with the snatch ipbserved by 
Davis et al (1965), and others.
TABLE 24
L i f t in g  o f  20Kg with the back s t ra ig h t  and the knees bent (A ), and with
the back bent and the knees s tra ig h t  (B) compared with upright standing
with lOKg in each hand.
Sub. No. Disc area Pressure Pressure Total Load Increase in
Standing l i f t i n g increase pressure and load
(an2) (Kp/cm2) (Kp/cm2) (Kp) %
4 A 17.1 11,1 19.2 92.3 73
B 24.5 152.2 121
5 A 17.0 10.7 21.5 122.4 101
B 32.5 246.5 204
6 A 16.0 9.5 14.5 52.8 53
B 27.0 187.2 184
7 A 16.3 12.7 17.0 47.3 34
B 36.0 252.7 183
8 A 16.7 10.9 21.0 111.9 93
B 32.5 242.2 198
9 A 15.0 12.3 22.6 103.5 84
B 27.5 151.5 124
mA: 88 mA: 73
mB: 205 mB: 169
from Nachemson & Elfstrom (1970)
Lindahl, Mosin and Ringqvist (1969), determined the muscular 
force exerted by the quadriceps in extension of the knee using a 
dynamometer* The maximum moment of 2300 Kgf cm was recorded at 
105-120° and there was a reduction on further flexion and extension, 
the value approaching zero near full extension.. Thus when lifting 
in a stooped posture with the legs extended the forces required to 
overcome load inertia are produced by the hip extensors as shown 
by Denslow and Gutensohn (1967), with little or no assistance being 
given by the knee extensors* Conversely, when lifting with a 
flexed knee action, the forces required to overcome load inertia 
are produced by the knee extensors with the hip extensors providing 
together with the erector spinae (Pauly, 1966), trunk stability* 
Further, the greatest force is available when the angle between the 
upper and lower legs is between 105 and 120 degrees (Lindahl et al 
1969),
From the work of Davis (1959), Davis and Troup (1964 a), Davis 
and Jackson (1962), Nachemson and Morris (1963, 1964), Hachemson 
(1965 ,V 1966) and Haehemson and Elfstrom (197$), it is clear that 
lifting with the trunk in a stooped or forwardly inclined posture 
with the legs extended should be avoided. When lifting weights the 
trunk should be maintained in as near a vertical position as possible 
with the legs flexed at the knee and hip, the optional knee flexion
being 60-75° from full extension (Lindahl et al 1969)*, -l)aviS:W'al
(1965), however, note that when using this technique with “heavy" 
loads the hips rise faster than the shoulders, the trunk inclining 
towards a more stooping posture, and they suggest that this effect
may offset the apparent advantage of this method of lifting*
This is reinforced by Davis and Troup (1964 b), and David, Hamley 
and Saunders (1968), who suggest further that any attempt to lift 
"heavy" loads should be stopped immediately if the hips cannot 
be kept below the level of the upper body as the legs extend*
Davis et al (1965), and David et al (1968), iaake reference to 
"heavy" loads which raises the point of maximum weights# The 
maximum weight a person can lift has never been satisfactorily 
resolved, although much attention has been devoted to this point.
The maximum permissible load would appear to be of interest only 
in exceptional cases; the most physiologically economic or sub­
jectively acceptable load seems to be of more realistic value to 
industry*
The Factories Act of 1961 states; "Ho one must be employed to 
lift, carry or move any load so heavy as to be likely to cause 
injury". Legal interpretation of the Factories Act includes, as 
quoted by Fife and Machin (1972), the followings
1. "Employed to lift" - a person is not employed to 
lift if he has been told to ask for help which 
is readily available*
2* "Likely to cause injury" - Court of Appeal held 
that a weight of 66 Kg. was not likely to cause 
injury to man of experience.
There are Statutory Regulations dealing with the lifting 
of heavy loads in the 1/oollen and Worsted Textiles, Jute and Pottery 
Industries, These regulations are based principally on the work of 
Cathcart, Bedale, Blair, Kacleod and Weatherhead (1927) and ' 
Cathcart, Hughes & Chalmers (1935). After studying
the energy consumed in lifting and handling various weights in 
different postures, they concluded that 50/^  of the body weight was 
a reasonable limit for occasional lifting, and 40^ for continuous 
lifting, though in some cases with an additional 20^ allowance 
after suitable training#
H.H#S.0.(l943), recommended that the maximum loads for men 
should be 130 lb (59 Kg*) for a compact load (see Table 22 p# 88 )
The only recommendations on the heights to which various weights 
could reasonably be lifted were made by the War Office (1937)
(lable25 )* These figures are based on the experimental evidence 
of Emanual and Chaffee (1956) for the 95th percentile. Their 
lifting study used-a subjective criterion. Nineteen young male 
subjects were instructed to "lift the greatest weight possible 
without a feeling of possible injury". Subjects varied the weight of 
the object lifted by adding or subtracting 10 lb (4.6 Kg) bags of 
lead shot. The subjects were required to lift with a straight, 
although not necessarily vertical back. With this exception, 
subjects were classified as untrained, and presumably unconditioned 
to the lifting task*
Switzer (1962), as Emanual et al (1956), used a subjective 
criterion on 75 male College students. They were instructed to 
find reasonable weights that men can be expected to lift without 
excessive strain or discomfort* Subjects varied the weight by 
adding or substracting 5, 10 and 20 lb. (2*3# 4*6, and 9.2 Kg.) 
bags of lead shot. The results are shown in Table 26 • These
results are not based on the entire sample of 75* but only on the 
33 shorter men who represented the first to 15th percentile stature range#
TABLE 25
Recommendation on the heights to which various loads can reasonably be 
1i f te d .
Height (cm) Weight (Kg)
64 
63 
35 
25 
16 
9
31
61
91
122
152
183
from HMSO (1957).
TABLE 26
Weight l i f t i n g  c a p a b i l i ty  fo r  males (Kg)
Height of
L i f t  (cms) S.D. 99.87 99 .0* 95 .0* 90 .0 *
0 - 4 5 . 7 9.45 28.0 34.4 40.5 44.0
0 -  107.0 5.30 17.3 21.0 24.4 26.2
0 -  159.0 3.91 12.3 15.0 18.4 19.1
Representing 1st to 15th p erce n ti le  s ta tu re .
C a lc u la te d  by Snook and I rv in e  (1967) from Switzer (1962)
TABLE 27
Maximum acceptable weight o f l i f t  fo r  males (Kg).
Height of  
l i f t .
Floor to knuckle 
height
Knuckle height to  
shoulder height
Shoulder height to 
arm reach
S.D.
Percent o f  Population 
90 75 50 25 10
5.00 23.5 26.6 30.0 33.1 36.4
3.84 23.0 25 .4  28.1 31.0 33.1
4.40 21.6 24.1 27.0 30.5 32.6
from Snook and I rv in e  (1967)
Switaer, only calculated what -99#875® of this short population could 
lift* the 99$# 95/*, and 9Op values were calculated "by Snook and 
Irvine (1967) from Switzer* s. data* Subjects were trained in 
correctly performing the three lifts using a straight "back and 
flexed knees. As in Emanual! s(1956) investigation, the object 
lifted was provided with handles* Subjects were also encouraged 
to test the weight prior to lifting and not to hurry in the lifting 
process itself#
Snook and Irvine (1967)* using nine male^ subjects, between 
25 and 37 years of age, investigated the maximum acceptable weight 
of lift that could be handled comfortably* without strain once 
every 15 minutes* Subjects were second-shift industrial workers 
from local industry* They were healthy, as determined by a pre­
experiment medical examination* Instruction and practice was given 
in the correct lifting procedures, this being flexed knee and straight 
back lifting. Three lifting ranges were used, that is, floor to 
knuckle, knuckle height to shoulder, and shoulder height to arm 
reach* The results are shown in Table 27 • On the basis of this 
small sample Snook and Irvine recommend that all men should be 
trained in the correct procedures for lifting, and all new men should 
be allowed to condition to their new job gradually. Further they 
conclude that 23 Kg., is the maximum weight of a compact object 
that should be lifted by unselected adult male workers* With 
greater degrees of personnel selection, they recommend the maximum 
weight of lift may approach 34 - 56*5 Kg. for lifts from floor level 
to knuckle height, and 29*5 - 31*8 Kg. for lifts above knuckle height# 
(See Table 27)*
Using standard muscle strength data from Asmussen et'al (lS6l), 
Foulsen and Jorgensen (l97l)» estimated the permissible burdens for 
normal persons, at different ages and stature, performing lifts 
from floor to table height (Table 28 )» For permissible single 
lifts, meaning once or twice per hour, they chose a value of 10,1- 
of standard back muscle strength. For permissible repeated lifts, 
meaning up to approximately six times per minute over a short 
period of a work day, they chose a value of 5Q? of standard back 
muscle strength.
Poulsen and Jorgensen (1971), presuppose in their results 
that the proportions of the burden permit the use of a ’^correct" 
lifting technique and that when bulky or large burdens, for example, 
big boxes, sheets of metal etc. other norms must be applied.
Further, they emphasise that lack of training or temporary weakness 
because of illness will reduce these figures.
The marked variation in acceptable or permissible weight to 
be lifted can be seen in Table 29 , using the results of Damon et al
(1966), and Snook ejb al (1969) . Damon states that the maximum 
weight that can be lifted without strain by 99? of the young healthy 
male population is as shorn, in Table 29 * Similarly, Snook et al
(1969), over a comparable range of lift heights concludes lower 
maximum weight values for the 90 th percentile of an industrial male 
worker population. It will be appreciated that these results are 
often obtained from particular experiments under certain specified 
condition; extrapolation to general industrial situations must 
therefore be made with great care*
TABLE 28
Standard values fo r  l i f t s  from f lo o r  to tab le  he igh t.
S tature (cm)
Men 25 years old 160 185
Maximum range ' 80Kg 107Kg
Permissible s ing le  T i f t  56Kg 75Kg
" repeated l i f t  40Kg 53Kg
Permissible s ing le  l i f t s  : 701 o f maximum. Once or twice
per hour.
Permissible repeated l i f t s  : 50% o f maximum. Approximately
s ix  times per minute
from Poulsen and Jorgensen (1971)
TABLE 29
Comparison between maximum perm issible weights Danion e t al (1966 )* and 
Snook e t al (1969 )**
99th p e rce n tile
*
Floor to knee leve l 28.1 Kg *
Floor to w aist level 17.2 Kg
Floor to shoulder o r eye le v e l 12.2 Kg
90th p e rce n tile
16.7 Kg 
15.1 Kg
13.0 Kg.
**
Floor to knuckle 
Knuckle to shoulder 
Shoulder to arm reach
In relation to lifting efficiency, Fredrick (1959), has shown 
that the best area for manual lifting is between 1 and 1*5 m from 
floor level and that the best weight unit within the recommended 
area is approximately 18 Kg# For sustained work, Fredrick assumes 
an average kilo calorie output of 200* From this together with the 
height and weight of lift and consumption of energy taken from the 
graph of his results, lifting frequency can be determined. These 
calculations do not however define lifting technique•
Das (l95l), has shown lifting technique to be an important factor 
in the energy expenditure of load handling* In a detailed study 
made with one subject, the energy expenditure in lifting and lowering 
a 25.4 Kg weight has 40? greater for the knees bending method than 
for the body bending method# Das notes that in the case of very 
light loads and in the case of one subject, for loads up to 25.4 Kg. 
in weight, considerable economy in total energy expenditure can be 
effected by adopting the body bending method. He does however, 
point out that for heavier weights the nett mechanical efficiency 
of knee lifting is greater than that for body bending*
Davis and Amott (1966), investigated the cardiac costs of 
the bent knee and stooping methods of lifting in 12 subjects# Both 
methods were used to perform a standard task,that of lifting 25 Kg*, 
from a table 65 cm#, high to the floor and back to the table every 
20 seconds for eight minutes* They noted that when stooping, all 
subjects had a smaller cardiac cost than when bending the knees. 
However, stooping without carrying a weight, was found to cause 
bradycardia, and this they suggest may account for this difference. 
Further, in some subjects one particular phase of the stooping,lifts
was accompanied by a long interval (up to 1*5 seconds) between', 
heart beats, even when the working heart rate was of the order of 
120 beats per minute or more*
Huller et al (1957), investigated the energy expenditure for 
piling up loads and shifting loads in a horizontal direction# 
Measurements of energy expenditure were taken on two normal males, 
under 36 different combinations of horizontal distance (0*5, 1.2-5 
and 2.0 m), of starting height (0, 0.5 and 1.5 m) and finishing height 
(0.5, 1.0 and 1.5 m). The lightest materials weighed 4 Kg*, and the 
heaviest28 Kg. They noted that the maximum efficiency occurred 
when the loads were lifted from a height of 0.5 to 1.0 m above ground, 
and the lowest efficiency occurred when the loads were lifted from 
ground level. Energy expenditure was noted to be 50? higher when 
starting from ground level compared with a starting height of 0.5 or
1.0 m. This they considered was due to the lowering and raising 
of the body. Further Muller et al (1957) noted that the piling 
up of bigger stones was, under all conditions, far more economical 
for a given total weight# This was due to the fact that a 28 Kg. 
load involved one movement while seven were necessary to pile an 
equivalent weight in 4 Kg. loads.
DISCUSSION
Three aspects of the literature concerning the mechanical 
functions of the opine and trunk have been reviewed in relation 
to those low back injuries which arise in industry from materials 
handling.' In the Building and Construction Industry many matters 
are unclear, there being a gross lack of basic information. In 
the literature reviewed on the incidence of low back pain in 
Industry,only two studies (Stillman; 1970 and Shepherd, 1970) 
were available on the Construction Industry, and both of these 
were personal communications. The majority of papers dealt with 
mining, heavy and light industry, office, docking and engineering 
populations together with the incidence in the general public.
Eult (1954 b), used construction personnel but only as part of a 
larger population involved In heavy manual work. If Eults assumption 
is correct that construction workers can be considered as a group 
involved in heavy manual work, then several points do however 
emerge from the literature.
The incidence of low-back ailments has been shown to be greater 
in occupations involving heavy manual work than those involved in 
light industry (Lawrence and Aitken-Swan, 1952; Hult, 1954 b;
Anderson et al, 1962; Anderson and Dutliie, 1965; Partridge et al, 1965 
Magora, 1969 and Rowe, 1968), further that incapacities are longer 
and the age of onset earlier in heavy occupations (Lawrence and 
Aitken-Swan, 1952; Hult, 1954 b; Partridge et al, 1968; Magora, 1969, 
and Blow and Jackson, 1971)* Lawrence and Aitken-Swan (1952),
Hult (1954 b), Partridge et al (1968); and Lawrence eb al (1966),
have shown more radiological abnormalities in heavy manual workers 
than in non-manual workers and have also shown that this is asso­
ciated with increased incidence of lumber or sciatic pain. These 
authors also noted the possible role of disc disease as a factor 
leading to a change in employment«
Ifilkins. et al (1957); Kosiak et al, (1968), and Shepherd, (1970), 
make an added contribution to the understanding of trunk injuries 
by their observations of an inverse relationship between the number 
of lost time claims arising from low back injuries and time on the 
job. Wilkins et al (1957). observed that the largest number of 
injuries occurred among workers at an age when the general physique, 
and musculature are in optimum condition. This suggests that 
faulty work performance is more important than the physical con­
dition of the person. Blow et al (l97l), confirms this view and 
adds that in the younger age groups members take a pride in their 
muscular strength rather than their physical skill*
In the literature specific causative agents of trunk injuries 
have been identified although again the picture that emerges is 
incomplete and as noted previously, the Construction Industry has 
been sadly neglected, Hult (1954 b), in referring to cause, noted 
that a maximum of 20^ of those with a history of lumbago or sciatica 
attributed their symptoms to an accident, and in an additional 15 to 
2Oft the symptoms were associated with heavy lifting or a similar 
strain. Thus, 60 to 65/^  of those who had had lumbago or sciatica 
the symptoms had appeared without any specifically named causative 
factors* This is supported by the observations of Hult (1954 a);
Hirsh (1966); Billane et al (1966); Rowe (1968) and Magora (1969)* 
Roantree (1965) however notes in 111 instances out of 150 cases of
back lesions a clear history as to cause, the most frequent im­
plicated activity being lifting weights (47 cases). This is 
supported by Glover (i960) and Ecury (1963) who noted that between 
64 and 71 per cent of back injuries respectively were associated 
with lifting. Further support of the association between low 
back injuries and specific causative agents is given by Kosiak 
et al,(l968)| Jackson, (19.68)} Blow et al (1971) and Brown, (1972).
In one Building and Construction Company, Shephard (1970) con­
sidered that 55 per cent of handling accidents were caused through 
lack of basic training and incorrect lifting and that 50 per cent 
of these accidents involved injury to the back and-trunk.
Partridge, Anderson, McCarthy and Duthie (1968), make an 
added contribution to the understanding of an association between 
back injuries and lifting by their observations on iron foundry 
workers* They noted that floor moulders had a much higher prevalance 
Of::.diSCodisease‘than other workers, particularly machine moulders*
In both instances these two occupations were classified as ’’heavy" 
and the end product was the same* The difference they suggested 
could be equated with differences in working method. In floor 
moulding the work is done at floor level and a stooping posture is 
adopted for much of the working day, thus exposing the trunk to 
maximum hazard. In machine moulding most of the heavy lifting is 
done from raised surfaces. Davis and Troup (1964 a) and Troup (1965) 
have shown that in lifting from ground level with the trunk horizontal, 
the intervertebral compression force will be not less than five 
times the combined weight of the trunk, upper limbs, and the load 
lifted depending on acceleration of the load.
Whilst it is difficult to be sure of the factors which initiate 
disc degeneration, Partridge et al (1968) concludes that the 
repeated stresses to which the lumbar spine of the floor moulder 
is exposed must presumably play a great part. Thus, it would appear 
that when associating back injuries with lifting per se account 
must also be taken of the mechanics' of the truncal postures adopted.
The mechanics of the spine l^ias been the subject of intensive 
investigation in recent years, particularly with respect to the 
physical properties of the disc and the ability of the spine to 
resist compressive forces. More recently the spine’s ability to 
resist flexor forces has been investigated (Troup, 1968) and apart 
from Beam (l96l) and Asmussen and Poulsen (1968), all workers 
agree that an increased intra-abdominal pressure during physical 
activity plays a positive role in assisting the spine in its 
resistance to various stresses. A clear relationship between truncal 
stresses and the intra-abdominal pressure has been established.
Lifting weights when upright engenders the least, in the stooping 
posture a greater, and in the prone position the greatest rise in 
intra-abdominal pressure (Davis 1956). This relationship between 
intra-abdominal pressure and inclination of the trunk lias also 
been described by Bartlelink (1957). Further, the intra-abdominal 
pressure is dependent on the speed of lift (Bartelink, 1957 and 
Davis, 1959 b), The rise in intra-abdominal pressure during 
physical activity shows a significant linear relationship with the 
magnitude of spinal stresses ( r = 0.78), and the intra-truncal 
pressure has been regarded as a direct index for comparative measurement
of such stresses during physical activity (Davis, Troup and Whitney, 
1966).
The observation that lifting weight in the upright posture 
engenders the least stress and in the stooping posture greater 
stress is supported by direct intradiscal measurements (Nachemson 
and Elfstrom, 1970); further they report mi abrupt increase in 
intradiscal pressure at the moment of lifting a load which they 
suggest is synchronous with the snatch pressures observed by Davis 
et al (1965) and others.
The original studies on intra-iruncal pressure changes during 
physical activity and postural changes of the trunk were conducted 
using partially' inflated rubber balloons in the body cavities 
connected to a pressure transducer via a catheter, (Vagina, Murphy 
and Mengert, 1933; rectum, Rushmer, 1946; rectum, stomach, peritoneum 
and bladder, Adno, 1956; rectum and stomach, Davis, 1956; stomach, 
Bartelink, 1957; oesophagus and stomach, Morris, Lucas and Bresler, 
1961; stomach, Eie and Uehn, 1962; oesophagus and stomach, Davis 
and Troup, 1964 a; oesophagus, Sasaki, 1969; and stomach, Asmussen 
and Poulsen, 1968).
Using intra-abdominal pressure changes as an indirect form of 
trunk stress measurement Davis and Troup (1966) used radio pills 
swallowed by the subjects instead of the balloon - catheter- pressure 
transducer methodology to study different lifting methods during 
the erection of pit props at different working heights# The first 
pressure sensitive radio pills were independently invented by two 
groups of Scientists in 1957* Kackay and Jacobson reported a 
device in June which was capable of transmitting pressure and
temperature changes whereas Farrar et al (1957)* described a parallel 
device in November which was only pressure sensitive. Such devices 
have since been developed and have been used to investigate the 
truncal stresses encountered in different working situations 
(Davis, Troup and Whitney,- 1966 and Kumar 1973)* Their main 
advantage over other methods is that they can be used in field as 
well as laboratory situations with minimal Interference to the 
subjects under investigation.
Despite these observations and advances In available method­
ology, few studies are presented in relation to different lifting 
techniques and further of those that have Included some form of 
scientific analysis most have considered the movements as static 
and no real analysis of dynamic tasks has been offered.
In any such investigation account must be taken of the postural 
changes of the trunk as Davis and Troup (1964 b), and Troup (1968) 
have shown that the moment of the extensor couple and the per­
pendicular distance between the longitudinal axis of the spine and 
the vector of the increased intra-abdominal pressure keeps on 
changing throughout the lift# In the stooping posture, the lumbar 
spine Is flexed which reduces the lever arm on which the extensor 
muscles act, but increases the perpendicular distance between the 
longitudinal axis of the spine and the vector of the intra-abdominal 
pressure* Unfortunately most studies and methods presented in the 
literature in relation to the spinal mobility are concerned with the 
degrees of movement between static postures representing the extreme 
limits of a particular range (llcKendrick, 1916; Keller, 1924;
Israel, 1959; Flint, 1963; Loebl^, 1967; Lindahl, 1966; Troup,
Hood and Chapman, 1968; Macrae and Uright, 1969; and Moll and 
Wright, 1971). Few have observed truncal movements in relation 
to those of the rest of the body*
Davis, et al, (1965) studied spinal movements under dynamic 
conditions, using external spinal markers as described by Flint (1963), 
and found that while lifting weights from the floor in stooping 
postures with knees extended, lumbar extension did not begin until 
the weight had reached knee height after the inertia of the weight 
had been overcome and the accelerative phase was past* This was 
confirmed by Kumar (1974) using a similar method# Troup (i960) 
concludes that external markers give a statistically reliable 
indication of the range of lumbar movement between erect and 
flexed postures as measured radiographically* But, individual 
variation in measurement of up to 12 degrees were recorded# Their 
use for quantitive measurement of movement in individuals is not 
justified, but in groups of subjects in whom postures and move­
ments between full lumbar flexion and the erect position are in­
vestigated, their use is acceptable# Ho suitable method for 
determining spinal rotation is cited in the literature and only one 
attempted in vivo investigation has been made (dregerson and 
Lucas, 1967)* Pavelka (1970) and Moll and VIright (l97l) describe 
similar techniques for determining axial rotation and lateral 
flexion respectively but in neither case can their methodology bp 
applied to dynamic tasks.
Finally, after assessing the relative stresses encountered in 
different working postures, metabolic evaluations should be com­
pleted as Das, (1951): Muller fet al. (1957); Fredrick (1959) and
Davis and 'Arnott (1966) have shorn energy expenditure to vary 
considerably between lifting techniques.
Basis of the Research Programme
It is evident that in the Building and Construction Industry 
there is little information concerning the incidence of manual 
handling accidents and the causation of trunk injuries. The work 
reported in this thesis is therefore concerned with analysing 
existing manual handling tasks and, where these are found to be 
dangerous, to devise methods imposing reduced truncal stresses, 
thus increasing overall working efficiency and reducing incap­
acities from accidents and trunk disorders of both acute and 
cumulative origins.
The first step in such an investigation is to study the 
environmental and personal details and other factors that determine 
pK the incidence of injury. The second is to survey existing 
handling methods and to evaluate their relative frequencies and 
stresses to establish priorities for physiological investigation. 
Thirdly, where necessary, to devise alternative manual handling 
techniques and to evaluate these in both the laboratory and the 
field situation*
Section I
ACCIDENT RECORD SURVEY
Introduction
The first step in the project was to evaluate existing 
accident records and to relate the results to the total working 
population in the industry. For example,by determining the 
accident rate at different ages by comparing an accident sample 
age distribution with that of the normal working population, 
one could identify those groups most susceptible to injury,
^)* MATERIALS Data Sources
With the full co-operation of two building and construction 
companies 2, 368 accident reports were analysed. The reports used 
were copies of the statutory form 43B sent to H.M. Factory 
Inspectorate as required under the Factories Act 1961. These 
reports are filled In whenever an employee has an accident which 
causes death, or absence from work of three days or more. The 
work force was 21,699 people for the larger company and 1,806 
for the smaller company as given in the Employment Return Form B.I.I-i/ 
AR33(AMD9/69)t Part I. From this form, the distribution of operatives 
by occupation was also obtained. This return included all persons 
15 years and over, working in Great Britain (i.e., excluding Northern 
Ireland), whether full or part-time (including those absent for any 
reason), whose National Insurance Cards were held by the employer 
on a specified day.
The age distribution was obtained from the Contracts of 
Employment Act 1963, Labour Record Cards of the smaller company.
The time lost through industrial accidents from different causes
was analysed by examination of the insurance returns of the smaller 
company. Unfortunately, these records ircrc not available for the 
larger company.
b). methodology
i« Larger Company
The following data • concoming each. injured person were 
collected from the B accident records of the larger company:
1. Age . . . ' ■ ■
2. Trade :
3# Bate of accident ■ . .’ V
'4* Time .
5. Uhat work he m s  doing,when the accident happened-.';
. 6* Nature and extent of the injury*
?•'Bodily site of injury*
The last 3 sections (5*7) wore sub-divided as follows;
5* Cause and types of injury .
a) . Persons falling 
■ ■ (ii) ; Handling goods
(ill) Struck by falling objects
(iv) Stopping on, or striking gainst an object
(v) Use of hand tools
(vi) Vehicles
(vii) Machinery
(viii) Other causes e.g. arc flash, spark
fire explosion, excavations, electrocution*
. '6* Nature of injury
(i) Fractures and dislocations
(ii) Cuts and bruises 
(ill) Eye
. (iv) a Bums 
(y) Strdte and sprains . (including hernia) '
(vi) Shock eleetricalor other .
(vii) Septic poisoning
(viii) Fatal 
(in) ■ Other'
7♦ Bodily site of injury .
(l)' Hoad 
.. (ii) Eyes .
(ill) Trunk/back injury
(iv) Arms
(v) Hands and fingers 
• ' (vi) Begs'.
(v ii)  Feet
(v ii i)  Othero
The data were collected in m  accumulative manner, each 
Individuals accident report being analysed into the respective 
categories. In this way, the individual identity of a particular 
report was lost* An unknown category was used whore insufficient 
information was given in the accident report.
ii.. Smaller company
The following data concerning each injured person were 
collected from the B accident records of the smaller company in 
addition to those described in B I*
1 -  7* as before '
;S* Time of starting vork
9* Whether or not. there mre any witnoasesto the 
accident ' ' *:
. 1G* .Hourly rate of pay 
11* Mamo of employee 
12* ..Accident report number 
13 * . Severity' of' injury. { sub j ectivo) *
Section■2*■(Trade) m s  sub-divided/and coded as folloirs;
Carpenters/joiners 0/j
Bricklayers (Pavioura & Masons) .Br
;3tiel Erectors, & Shooters s/s...
Seaffolders SC
labourers L
Others (Drivers, Painters, Plasters etc*) All
Sections 5 - 7  vero sub-divided and coded as folloms 
5* Cause and type of injury*
Cause - Code
(i) Palling - Scaffolds _ %
- ladders 2
- height other than from P^ox^ ~
- into excavations „
- through holes in floor 5
- slipping or tripping
- tilth load on level ^
- without load on level ^
/
(ii) Handling
Lifting - loading, unloading
- carrying other than Fg 2
- dropping materials onto one­
self
splinters, nails & jagged
edges
knocking against object with­
out load
4
Pushing) - materials -
Pulling)
- plant machinery 6
(iii) Struck by falling object
- external cause 
(handling third party)
- other causes 2
(iv) Stepping on or Striking Against Object
- treading on nails S
- treading on other objects
- knocking against object with
load
1
4
(v) Use of hand tools V
(vl) Vehicles - Starting/driving ^
- Struck by 2
vii) . Machinery- unfenced/struck by M,
- starting
1
6. Nature of injury
. Nature Code
(i) Fracture/dislocation P
(ii) Cuts and bruises - not requiring stitches CB
- requiring stitches CS
(iii) Eye E
(iv) Bums and scalds B
(v) Strains and sprains (including hernia) St*
(vi; Shock/concussion Sh
(vii) Septic poisoning as result of CB,CS & .B Se
(viii) Fatal al
(ix) /imputation Am
7* Bodily Site of injury:
Location Code
(i) Head (including neck) H
(ii) Eyes E
(iii) Trunk (excluding shoulder & groin injury) T
(iv) Arms (including shoulders) A
(v) Hands/wrists F
(vi) Legs (including groin injury) L
(vii) Feet (including ankle injury) An
(viii) Other parts Ot
Section 13 was used to code the severity of the injury based on 
the description given* Two categories were used: S ~ severe;
M - moderate as shorn below,these being based on the £I*M* Factory 
Inspectorate 1968 pilot enquiry*
SEVERE CODE - S
1# Fractures (excluding 20 and 2l)#
2* Dislocations (excluding 22).
3* Amputations (excluding 23)*
4* Crushing without fracture (excluding 25)*
5* Concussions (excluding 25)
6* Deeply-penetrating bums and scalds*
7* Bums and scalds covering more than one square foot.
8. Eye injuries involving:
(a) loss of eye
(b) permanent impairment of vision*
9* Lacerations and wounds requiring either skin grafting 
or at least five stitches*
10* Wounds resulting in a severed tendon*
11* Any other injury resulting in admission to hospital as an 
in-patient*
12. Any other injury resulting in absence from work for more 
than 28 calendar days.
MODERATE (unless qualifying as severe under 11 or 12) CODE - M 
13* Abrasions and surface injuries*
14* Lacerations and open wounds (excluding 9 and 1C*).
15* Bruises.
16. Strains and sprains (not resulting in 17 or 18).
17* 'Hernias*
18. Slipped discs*
19* Eye injuries (excluding 8).
20* Fractures of single bone of fingers or toes.
21. Hairline cracks.
22. Dislocation of fingers and toes*
23* Amputations involving less than a single joint of
finger or toe.
24# Minor bums and scalds (excluding 6 and ?)
26* Gassing*
27* Poisoning*
28* Other*
The data were collected on an individual basis with each 
accident report being recorded and coded in its entirety* In 
this way the individual identity of a particular accident was 
maintained*
To complete the data collection each individual was followed 
up, using their names and accident report number, to determine the 
length of absence arising from their accident. This was achieved 
by examining the insurance returns of the company. Having 
established the date of return to work following an accident, the 
length of absence was calculated and this information added to the 
record sheet of the particular individual*
C). ANALYTICAL - l) All Accidents
To assess the risks posing greater hazard to young or old 
operatives, the frequency distribution of accidents at different 
ages was compared with the age distribution of the normal working 
population. In applying this it was assumed that the distribution 
of ages of these cases in the unknown category was similar to that 
of those cases whose ages were known. It was also assumed that 
the normal age distribution in the smaller company was similar to 
that in the larger company.
In assessing the accident frequency with time of day, day of 
week and month of year histograms were constructed* For both 
companies the percentage of accidents was plotted against the 
number of hours worked and the day of the week. In the case of
the monthly accident variation, two methods were used: with the larger 
company the number of accidents was plotted against the month of 
year irrespective of the labour force employed each month: with the 
smaller company the accident rate was calculated as accidents per
100.000 man hours worked and this was plotted against the month 
of year, In this way, account was taken of the monthly variation 
in the labour force and as such presented a clearer picture of 
monthly accident rate variations.
The accident rate distribution by occupation was calculated 
by comparing the rate by occupation with the number at risk in 
that occupation# The results were expressed as accidents per
1.000 men at risk. This was done for both the larger and smaller 
company#
The analysis of accidents in terms of cause, nature and 
bodily site was achieved by calculating the percentage of the total 
that each category represented. In the case of cause an additional 
analysis was made to determine those accidents other than handling 
as specified by cause in which external loads or material handling 
were involved, e.g. slipping or tripping (falling) when lifting 
or carrying, or knocking against an object (stepping on or striking 
against) whilst carrying materials*
; -11) Accidents During Materials-Handling
To assess the risks posing greater hazard to young or old 
operatives arising from manual handling of materials the frequency 
distribution at different ages of handling accident as specified 
by cause was compared with the frequency distribution of the normal 
working population. In addition a further analysis was made to
assess the risks posing greater hazard to young or old operatives 
arising from trunk injuries incurred during manual handling by 
comparing the frequency distribution at different ages of trunk 
injuries incurred during manual handling with the frequency dis­
tribution of the trunk injured population* These were applied to 
the results of the smaller company only#
D). STATISTICAL :ANALYSIS
For statistical purposes values were calculated from - 
contingency tables when comparing two distributions as in the cases 
above# In this way the distribution of those who had suffered 
injury were compared -with those numbers in each group who had not 
had an accident*
E). RESULTS
1. All Accidents#
a)# Standard accident rate for the whole population
Fig. a, 9 10 & 11
The greatest number of accidents in this series occurred in 
the workers aged 22-27 years for both large and small companies 
with a further peak being noted in the smaller company for the 
40-42 year age group (fig.8 & 9 )* However, if the number of 
cases is considered as a percentage of those at risk in each age 
group, a very different picture presents itself; as fig. 10 & 11 
shows, a greater percentage of accidents in the construction in­
dustry occurred in the younger workers, the highest accident rate 
occurring in the 16-27 year age group (p<f 0.005 and p<^ 0.01 for
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larger and small company respectively)* Nhile accident rates in 
general decreased.with increasing age, the 40-48 and 58-63 year 
age groups had more accidents than those immediately above and 
below them in the smaller company* The decrease of accidents with 
increasing age was supported by the findings of both finas#
b). Number of accidents against time of day, day of week and 
month of year Fig* 12-17
A greater percentage of accidents occurred during the first 
five working hours (46/* in the smaller company for the first four 
hours, and 43/* in the larger company for the second to fifth hours 
of work)* A slight increase in incidence was also observed during 
the eighth and ninth hours of work in the larger company (see fig* 12) 
There appeared to be no significant relationship between the 
number of accidents and the day of the week when they occurred, 
except for a noticeably higher incidence on Mondays in the larger 
of the two firms*
The monthly accident frequencies varied considerably but no 
overall pattern was discernable, either through a particular year 
or from one year to another* However, accident rate as expressed 
in number per 100,000 man hours worked shows January, July, August 
and December to have lower accident rates in the result of the 
smaller company*(see fig* 17 )•
c)* Length of service 
It had been hoped to evaluate the effects of length of service,
but the series was too small for this to be investigated at sig­
nificant levels*
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d). Accident distribution by occupation Fig:. 18
The results between the two companies varied considerably.
In the smaller company Labourers (90/1000) and Steel Fixers (68/
1000) headed the accident distribution by defined occupation although 
none of the occupations varied significantly from the firms mean 
rate* The liighest rate recorded (193/1000) was for an ill-defined 
group termed *Others* which included Welders, Machinists, Teaboys, 
Fitters and Foremen etc.f this rate being significantly above the 
mean rate for the company (p 0.05)* However, the number at risk 
in this group was rather small (93 workers).
In the larger company, Slaters and Roofers (250/1000), Steel 
Erectors (200/1000) and Scaffolders (l59/lOOO) had accident rates 
significantly above the mean rate for the company (p,^ 0.05)•
However, the numbers at risk in these groups was rather small (780) 
representing only 3*6/ of the populations and 6.6/ of the total 
number of accidents.
Carpenters/Joiners (69/IOOO), Plumbers (66/1000), Bricklayers 
(67/1000), Painters (39/1000), and Others (8l/l000) all had accident 
rates significantly below the mean rate for the company (p 4. 0*05). 
Plasterers (80/l000) and Labourers(Sl/lOOO) had accident rates that 
did not significantly vary from the firms mean rate.
e). Accident distribution in terms of cause* nature and location
Fig. 19
i) Persons falling, handling materials and struck by falling 
objects accounted for cause in 66 and 71 percent of all accidents for 
the large and small company respectively. In addition 14 per cent 
of accident other than handling as specified by cause occurred 
whilst material handling.
ii)* When considering the effects of accidents, cuts and 
bruises, strains and sprains and fractures and dislocation headed 
the list for both companies accounting for 93 and 82 per cent of 
all accidents for the large and small company respectively.
iii). The trunk, hands and fingers and feet and toes were 
the three areas of the body most frequently affected by accidents 
accounting for 71 and 70 per cent of all accidents for the large 
and small company respectively.
iv). 14/ of the accidents reported in the smaller company 
were categorised as severe (see p.123 )*
f). Time lost through accidents Fig.20 & 21
The average time lost for the three year period studied was 
44 days per man per accident. Accidents involving machinery accounted 
on average for 53 days lost per man per accident* The least average 
.‘time lost (33 days lost per man per accident) resulted from accidents 
incurred whilst using hand tools.
II* Accidents during manual handling.
g). Standard accident rate of handling accidents Fig. 22 & 23
The greatest number of handling accidents in the smaller company 
occurred in the workers aged 34-36 years (fig.22 )* However, if the 
number of cases is considered in relation to those at risk in each 
age group, a very different picture emerges: as fig.23 shows, a
greater percentage of handling accidents in the construction industry 
occurred in the younger workers, the highest rate occurring in the 
16-21 year age group (p <  0.05)* While handling incident rates 
in general decreased with increasing age, the 34-36, 46-48, and 
52-54 year age groups had more accidents than those immediately 
above and below them*
F ig .  18 ACCIDENT DISTRIBUTION BY OCCUPATION
Small Firm Total number o f accidents =
Total number employed
Overall average accident ra te  =
139
1806
77/1000 at r is k
Trade Total Acc. Total Employed Accident Rate
C arp en ter/jo in er 26 494 52/1000 a t r is k
Bri ck layers 14 272 51/1000 a t r is k
Steel Fixers 3 44 68/1000 a t  r is k
Scaf fo lders 3 76 39/1000 a t r is k
Labourers 75 • 827 90/1000 a t  r is k
Others 18 93 193/1000 a t r is k * *
Large Firm Total number o f accidents
Total number employed =
2123
21699
Overall average accident ra te  = 97/1000 a t r is k
Trade Total Acc. Total Employed Accident Rate
C arp en ter/jo iner 327 4691 69/1000 a t r is k *
P Iasterers 33 412 80/1000 a t r is k
PI umbers 66 993 66/1000 a t r is k *
Scaffolders 69 434 159/1000 a t r is k * *
Bricklayers 144 2139 67/1000 a t r is k *
Painters 19 483 39/1000 a t r is k *
Steel Erectors 60 297 200/1000 a t r is k * *
SI a te r/ro o fe rs 12 49 250/1000 a t r is k * *
Labourers 947 9057 104/1000 a t r is k
Others 255 3144 81/1000 a t r is k *
* *  S ig n ific a n tly  above firmb mean ra te  (p < 0 .0 5 )
*  S ig n ific a n tly  below f irm 's  mean ra te  (p < 0 .0 5 )
F ig .  19 ACCIDENT DISTRIBUTION IN  TERMS OF CAUSE, NATURE AND
LOCATION
ACCIDENT DISTRIBUTION IN TERMS OF CAUSE
FIRMS
CAUSE
LARGE SMALL
Person fa l l in g 31% 30%
Handling m ateria ls 24% 31%
Struck by fa l l in g  objects 11% 10%
Stepping on or s tr ik in g  against 13% 8%
ACCIDENT DISTRIBUTION IN TERMS OF NATURE
NATURE LARGE SMALL
Cuts and bruises 47% 27%
S tra ins and sprains 33% 30%
Fractures and dis locations 13% 25%
ACCIDENT DISTRIBUTION IN! TERMS OF LOCATION
LOCATION LARGE SMALL
Trunk 27% 26%
Hands and fingers 23% 22%
Feet and toes 21% 22%
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h). Standard aooident rate of trunk injuries incurred during
handling accidents Figc* 24 &■ 25
2?he greatest number of handling accidents causing trunk 
injuries occurred in the workers aged 34-36 years (fig. 24 ) 
However, as fig* 25 shows a greater percentage of trunk injuries 
incurred during manual handling occurred in the younger workers 
up to the age of 36 (p< O.Ql)* While trunk injuries arising 
from materials handling decreased with increasing age after this 
point, the 52-54 year age group had more trunk injuries, than those 
immediately above or below them, incurred during manual handling 
accidents*
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Discussion
The main feature of this survey has been the high incidence in 
construction workers of industrial accidents and particularly 
handling accidents in the younger population* This is also true of 
trunk injuries incurred during handling accidents* Industrial 
accidents also appeared more frequently in certain trained professions 
than, in others* Together manual handling of materials and persons 
falling appear to be the two major causes of accidents.
The average time lost as a result of an industrial accident 
is approximately 44 days* This amounts to about six weeks pro­
duction per man injured per year*
The finding that industrial accidents and particularly handling 
accidents occur most frequently in the younger population supports 
directly and indirectly the evidence of Wilkins jgt,.gl (l957)»;
ICoslak et al (i960); Shepherd(l970); and Blow and Jackson (l97l)* 
Shepherd (1970) in analysing 100 accidents in the construction 
industry classified under the heading* ♦arising from manual handling’, 
noted that in 60^ the incidence occurred during the first year of 
employment. Koslak et al (1968), also supports this theme in noting 
an inverse relationship between lost time injuries and time on the 
job* They found that 50'p of the claims and lost time injuries were 
being reported by employees with less than one year on a specific 
job* Wilkins et al (1997)« suggests from his evidence on back 
injuries that the largest number occur among workers at an age when 
the general physique and musculature of the back are in optimum 
condition. This in tprn would suggest that faulty work performance 
is more important than the physical condition of the person* Blow
and Jackson (l97l)» expands this idea in their investigation on 
back injuries in dockworkers where they noted the greatest number 
of back injuries occurred in the 30-45 year age group* They did 
however, show that when the number of eases is considered as a 
percentage of those at risk in each group, there is a marked 
diminution of incidence with increasing age* They suggest that 
this is probably due to inexperience, inadequate training, and 
attitudes to manual handling in the younger age groups, whose 
members take pride in their muscular strength rather than their 
physical skill*
Further support is given to Blow & Jackson (l97l), by another 
result from this present investigation namely that trunk injuries 
arising from manual handling were found to occur more in the 
younger population of construction workers, the highest rate occur- 
in in the 16-21 year age group* The highest rate in Blow & 
Jacksons investigation was in the group up to 24 years of age*
In the present investigation of 43 trunk injuries 24 involved 
manual handling (505?), This equates well with Shepherds (1970) 
construction figures, who notes 53^ of handling accidents involved 
injury to the back and trunk* Further, he notes that of all 
handling accidents were caused by lack of basic training and 
incorrect lifting which supports the finding of Blow & Jackson 
(1971) & Kosiak et al (1968)*
The causal relationship observed in this investigation between 
trunk injuries and manual handling is also supported by numerous 
other authors* Roantree (l96p), found in 111 instances of 150 back
lesions a clear history as to cause, the moot frequent implicated 
activity being lifting weights (42*3$)# Glover (i960), noted that 
in 100 cases of back pain in the engineering industry, 39 were 
caused by lifting and 33 by twisting movements of the spine, 25 
of which occurred when lifting# Ecury (1963), noted that 71$ 
of back injuries to coalminers were due to lifting and handling 
heavy mining equipment# Brown (1970), in reviewing data obtained 
from the Workmens Compensation Board of Ontario:. (1964-1968), notes 
that from industries having the highest incidence of back injury 
it was found that the average rate of back injury was 24 #8$ of all 
reportable accidents* This equates well xrith the Annual Report of 
H#M* Inspectorate of Factories over the last five years and the 
results obtained in this investigation. (27 and 26$ for large and 
small companies respectively)* Brown also notes that 40$ of back 
injuries are due to material handling# Further support is given by 
Stillman (1970) from the Construction Safety Association of Ontario#
In 94*5/6 of back injuries over exertion (handling/throwing and lifting) 
account for 67*3$ in terms of cause# Jackson (1968) noted that in 
dockers 25$ of all industrial injuries involved the back and 31$ 
were attributed to manual handling# Both results are in agreement 
with those reported here*
The results obtained by Blow & Jackson (l97l) show that of 129 
industrial accidents per 1000 at risk, 36 per 1000 at risk involved 
the spine (28$) (27 and 26$ for the large and small company 
respectively in this investigation),. further, that manual handling 
of cargo was the commonest cause of spinal injury (38$)#
In several investigations, some doubt is cast on the causal 
relationship between low back pain and material handling or any other 
specifically named causative factor. In relation to this, it is 
interesting to note that while trunk injuries incurred during material 
handling in general decreased with increasing age, the 51-36 and 52-54 
year age group had more trunk injuries than those immediately above 
and below them in the smaller company in the present investigation, 
Hult (1954)* in an investigation of 1200 individuals representing 
different professions, including construction workers, notes in 
referring to cause that a maximum of 20$ of those with a history 
of lumbago or sciatica the symptoms were provoked by an accident} 
in an additional 15 to 20$ they were associated with heavy lifting 
or a similar strain* Ihiis in 60-65$ the symptoms appeared with­
out any specifically named causative factors* Dillane et al (1966) 
notes an even higher figure (79* 5$) where no causative factors 
could be identified. Rowe (1968) in"a similar study noted in 65$ 
of cases of low back pain that the onset could not be related to 
any apCcifit? activity, This is supported by Hirsh (1966) who noted 
that in low back pain patients trauma was the responsible cause in 
20$ and carrying a heavy object in 20$, while the cause was unknown 
in 60$.
The present author suggests that the results noted are not 
inconsistant with these findings when account is taken of the 
industrial environment with particular relation to the older age 
groups. In the majority of studies on industrial accidents, 95$ 
of incidents are attributed rightly or wrongly, to a specific 
causative agent, particularly where statutory returns have to be made.
In relation to back Injuries this tends to exclude useful information, 
since the spine can be irreversibly damaged without necessarily 
causing immediate incapacity. Similarly, incapacity can be caused 
by a trivial action* The investigations of Ilult (1954b), Hirsch 
(1966), Dillane et al (1966) & Rowe (1968), illustrate the point 
made by Jackson (1967), who discusses the condition ’wear and tear* 
in relation to the insults responsible for trunk injuries. He 
suggests the expression represents two groups of pathological 
conditions for primary consideration from the aetiologies! 
standpoint (a), those in which.long term effects of load handling 
are superimposed upon other factors and contribute to, or are 
associated with* the degenerate conditions of the musculo-skeletal 
system, (b), those in which the forces of insult are greater and 
produce immediate effects of acute trauma and industrial injury*
He notes that quite frequently, in older dockworkers an acute 
insult is superimposed upon a long-term affect which produces 
complications for the settlement of claims for injury compensation*
He further suggests, that the spine is the most usual anatomical 
site for such lesions* *
The present author suggests that the results of this study 
indicate that back injuries commonly arise either as a result of 
a direct accident or as the result of the accummulation of minor 
damage over a number of years. 'Further, that the high incidence 
of trunk injuries arising from material handling in the 16-21 
year age group are caused by acute incidents, whereas the peaks 
occurring in the 51-56 and 52-54 year age groups arise from the 
superimposing, on the long term effects of load handling, of an 
acute incidence* Also, the present author suggests that the incapacity
arising from the older age groups as a result of an incident will 
be longer than that from those arising in the younger age groups# 
Whilst this cannot be substantiated from the results presented 
in this investigation Kosiak et al (1968), has shown that whilst the 
greatest number of reported claims for back injury was in the 20-29 
year age group, this group lost the least number of days. The 
most time lost from back injury was in the 40-49 year age group#
The findings obtained in-'this investigation with reference to 
accident distribution by occupation are inconclusive# In the 
smaller company no occupational group varied significantly from the 
companies mean accident rate, with the exception of an ill-defined 
group termed *Others*. In the larger company, Slaters and Roofers 
(250/1000), Steel Erectors ..(200/1000) and Scaffoilers (159/1000) 
had accident rates significantly above the mean rate for the company# 
All other occupational groups, with the exception of Plasterers, 
(80/1000) and Labourers, had accident rates significantly below the 
companies mean rate# The mean accident rates themselves, are not 
inconsistent with those reported in the literature for heavy 
industry# Blow and Jackson (l97l), recorded 129 industrial injuries 
per 1000 men at risk,'whilst Jackson (1968), recorded 132/1000 for 
dockers and 66/1000 for shipbuilding and repair workers* The 
results obtained in this investigation were 77/1000 and 97/1000 at
Cj Ci
risk for^small and^large companion respectively#
The average time lost through all industrial accidents invest­
igated was 44 days per man injured, and the average time lost as 
a result of a handling incident was 35 days per man# Brown (1970) 
noted in a series of 25,913 cases of low back injuries, of which 87$
were attributed to materials handling, that the average number of 
days lost wras 36.2 days per case# Sacro-Iliac strain (82$ of all 
cases) accounted for an average of 27.9 days per case; hernia 
(12$ of all cases) accounted for an average of 45*4 days per 
case; and intervetebral disc protrusions (6$ of all cases) 
accounted for an average of 134.6 days per case# Kosiack et al (1968) 
noted a direct correlation between the amount of weight lifted in 
a handling accident and the number of days lost# Blow & Jackson 
(i960) noted in their study of back injuries in dockers that 75$ 
of the men returned to work after less than 61 days, but that of 
the 192 patients who had absences in excess of this, 43$ were under 
35 years of age#
Comparisons by Lawrence and Aitken-Swan, (l952)} Ilult, (l954b); 
Anderson and Duthie, (1963); Partridge ett al (1965); I-Iagora, (1969), 
Troup et, al, (1970), & Oust et al (1972), between light and heavy 
industries have shown that back injuries and associated low back 
trouble is common in both occupational groups, the incidence being 
somewhat higher in the heavy working industries* The difference be­
tween the two groups, however, is much more marked when the in­
capacity from work arising from low back trouble is examined#
Further, in heavy industry,, the age of onset is earlier. This has 
been confirmed radiographically by Hult, (1954a); Lawrence and.
ICellgren (1952); and Troup et al (1970), who observed higher 
incidences of disc degeneration in those doing heavy work* Whilst 
the results obtained in this investigation are not directly com­
parable with these studies, the incapacity from manual handling 
incidents is not inconsistent Jsp those reported in the literature*
Further, the age of onset of trunk injuries, arising from manual 
handling, observed supports the theme of low back problems appearing 
earlier in a population engaged in heavy manual work than that fors 
a lighter industry.
The average time lost per accident was 44 days# If this were 
taken as a national average in the construction industry, it would 
accountfor a loss of one and three quarter million days in 1969 
through industrial accidents; handling contributing approximately 
seven hundred thousand days to this figure# This is equivalent 
to one quarter of the total time lost due to industrial stoppages 
(6*85 million days - Ann* Abs* Stat; 1970) and represents approx­
imately £14 millions lost in wages alone, without talcing into 
account the disruption, the loss of production, and the pain 
suffering involved for the workers and their dependents*
Conclusions
Industrial accidents and particularly liandling incidents occur 
more frequently in the younger population in the construction 
industry. This is also true of trunk injuries arising from material 
handling# While trunk injuries incurred during material handling 
in general decreased with increasing age, the 31-56 and 52-54 year 
age groups had more trunk injuries than those immediately above and 
below them* This strongly supports the suggestion that back injuries 
arise commonly either as the result of a direct accident or as the 
result of the accumulation of minor damage over a number of years*
Industrial accidents also appear more in certain trained 
professions than in others. Together, manual handling of materials
and persons falling appear to be the two major causes of accidents# 
The average time lost as a result of an industrial accident is 
approximately 44 days* Taken as a national average for the con­
struction industry, it would account for a loss of one and three 
quarter million days in 1969, this being equivalent to one quarter 
of the total time lost due to industrial stoppages and representing 
£14 millions by 1969 wage rates, in lost wages alone#
SECTION II
FIELD SURVEY OF EXISTING HANDLING TASKS
A) • APPARATUS
l). Photographic Equipment
An Agfa Mover Reflex Standard 8mm# camera type 5142 was 
used with 8mm* Kodachrome II ASA/bs 25,15 DIN film* A Zenit 35mm* 
camera was also U3ed with Ilford HP4 ASA 400,27 DIN film.
II )• Measurements
Work place dimensions were taken using a Banner 66ft* steel 
rule and a 6ft* collapsible Rabone surveyers rod. Motion fre­
quencies were calculated using a digital counter and event timing 
using a wrist watch*
B). METHODOLOGY
The field observations were carried out in London, Manchester, 
Guildford and in the Bath-Swindon areas.
Initially building and construction contractors were contacted 
through their training or safety departments. After preliminary 
meetings at which they all expressed their willingness to help, 
they arranged a list of sites and site agents for contact and 
visiting*
On arrival at a site,contact would first be made with the site 
Foreman to explain and discuss the project* Following this, the 
reasons for the visit were explained to the men, and after obtaining 
their permission observations were carried out.
An Agfa Movex Reflex 8mm running at 16 frames per second was 
employed where filming was possible, the film later being analysed 
using a Specto 8 mm. Analyser running at two frames per second.
From this, a detailed quantitative analysis of the mechanics in­
volved in a particular task could be determined (see fig*6 p. 58 
Where filming was not possible because of lighting conditions only 
visual observations were employed* In this, particular attention 
was paid to postures adopted when material handling or carrying* 
With the great variety of activities in the construction 
industry attention could only be focussed on those most commonly 
performed. Those activities observed and studied in detail were:-
a). Unloading materials
b). Brick and block laying 
i. Labourers in support
ii. Bricklayers
- Foundation work
-  r Const32Ucting walls, 
and c). Heavier materials*
C). RESULTS
A summary of the lift stoop frequencies and the weights in­
volved in a variety of manual handling tasks is shown in fig* 26 
Those activities most commonly performed and observed were:-
a). Unloading materials (Block materials such as brick and 
breese) (10 cases). Fig. 27
Various methods were used, having in common the presence of 
one or two workers on the lorry and a variable number of men trans­
porting from lorry to stack, either forming a chain or carrying.
A typical load comprised 800 blocks, total weight 4064 %*, moved 
25 m* from the lorry to the stack* There was one unloader and five
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Fig. 27 Scenes taken from the Construction and Building Industry 
showing typical stoop lifting in the handling of m ateria ls.
men forming a chain* The blocks varied in size and weight, the 
average being 5 Kg., and were moved individually. Unloading was 
completed in 58 minutes.
The unloader usually lifted the block a few inches in a stooping 
posture and rotated his trunk to pass the material onwards to a 
carrier* Each lift was performed as a jerk movement. The unloader 
remained in a stooping position for long periods* He thus performed 
800 stoop lifts in about an hour, and appeared veiy tired at the end*
It was characteristic of lorry unloading that those on the lorries 
were usually handling materials at a much higher rate than those 
carrying them.
The ground around the lorries was generally clear and level, 
although on five of the ten cases studied obstructions were present 
which could have been removed with little effort,
b)* Brick and Block Laying
i). Labourers in sunnort (9 cases) fig* 27 
These workers had a variety of tasks, moving mainly wet cement 
mixes, bricks and blocks, occasional scaffold work, and using 
dumper trucks* In almost all instances lifts were performed in 
stooping postures, very frequently with an initial jerk. Carrying 
distances were generally short, up to 25 m; lifting rates were of 
the order of 2,400 stooping lifts per day, loads varying from 4-20 Kg*, 
of blocks, 25 Kg* cement, 35 Kg* scaffolding, and several lifts in 
excess of 50 Kg* were also performed.
Ground conditions varied greatly and in many instances obstructions, 
some of «hich could have been removed with little effort, were 
seriously interfering with the mens activities*
il). Bricklayers 
Foundation Work (10 cases)
The cramped conditions of work in trenches* together with 
foot positions, makes this a most awkward occupation* Lifting 
rates are low, about 45 lifts per man per hour, loads varying from 
1-2 Kg*, cement or bricks to 15-20 ICg*, for blocks* The posture 
adopted was one of consistent stooping, this posture being main­
tained for up to fifteen minutes at a time* Jerk lifts were not 
recorded* However, initially the load was often at a considerable 
distance from the body, imposing a high torque on the lower spine. 
Constructing Kails (50 cases)
Handling techniques were very similar in all cases, although 
the type of lift required varied with the height of the wall above 
the ground or scaffold, and the height of the stack of bricks or 
blocks provided by the labourer. Loads varied as for foundation 
work* Cement was usually taken from ground level* Again all lifts 
observed were performed in a stooping posture, and the lumbar spine 
was rarely extended* The only exception to this occurred when 
spirit level or plumb line were being used*
Bricklayers perform approximately 1,900 lifts/day, including 
1-2 Kg*, cement or bricks, 7-20 Kg., blocks and several lifts were in 
excess of 50 Kg*
c)* Heavier Materials fire.. 28
A large variety of long heavy objects are handled in the 
industry* During the survey, workers moving scaffold poles (6), 
concrete lintels and facings (4), prefabricated floor sections (6), 
and prefabricated wall sections (4) were observed. The lintels
F ig .28 Scenes taken from the Construction and Building Industry 
illustrating hazardous lifting in the handling of m aterials.
varied from 1.8-5 in length, and 75-200 Kg., in weight. Where
manually handled, simple levers were commonly used to elevate one
end, after which the lift and carry were performed by gangs of up 
to six workers. Most loads were lifted initially from a low- 
level, although some intermediate platforms were used where shoulder 
carriage was employed. In general, low lifts were performed in a 
stooping posture with initial jerking movements, and shoulder 
carriage with the trunk upright and smooth movements* Individual
weight contributions to a lift were up to 100 Eg., at times.
Placement of wall sections in ’industrial* building was 
highly stressful, as usually only one man could handle the lower 
end of the section, and had to do this in an extreme stooped posture.
It is worthy of note that minor damage to materials occurred 
in four of the ten industrial sections being handled at one site.
In one instance/ observed 6 metre beams weighing 1016 Kg., each 
were being manually placed in position at considerable hasard (Fig. 28 
individual lifting contribution being of the order of 150-250 Kg., 
per lift.
Conditions for foot placement were often poor, and in the cases 
of industrial type houses and prefabricated floor sections, were 
most dangerous at times.
Discussion
In analysing some of the existing handling tasks, as 
carried out, it became clear that a great deal can be done by 
means of work study to increase the per capitum output in the 
construction industry particularly where ’conventional* methods 
are being used* It is equally clear that an extension of palleti­
sation of loads and provision of simple and more complex lifting 
devices could offset much potentially dangerous activity, although 
where this provision was applied, it would still leave much manual 
handling to be undertaken.
Vast quantities of materials are required in construction work* 
The weight of materials can be anything from 150,000 to 200,000 Kg., 
in a small house or four or five million Kg., in a twenty storey 
block of flats. The handling of materials is costly and very often 
means heavy manual work or employment of wide range of mechanical 
aids. The double or treble handling of materials observed in 
several instances in this investigation has a serious effect on the 
cost of production, in addition to increasing the risks of injury 
or damage to valuable equipment and materials* It has been shown that 
approximately 40p of the total accidents in construction work are 
due to injuries received by men manhandling materials.
In recent years, a great number of simple and complex mechanical 
aids have been introduced into the construction industry! block 
grips, slings, trolleys, moveable scaffolding, mobile hoists and 
elevators, scaffold cranes, j^ lamp and pack barrows, fork lift 
trucks etc., in spite of this mechanisation building materials and 
components are still being manhandled at various stages from the 
source of supply to their final location in the structure#
It cannot bo hoped to mechanise materials handling like a 
modern factory, because of the temporary nature of the construction 
site, exposure to the elements and the constantly moving nature 
of the factory floor as the work on the structure proceeds. There 
is, however tremendous scope for increasing production, reducing 
costs and reducing heavy manual work by use of mechanical aids 
although where this provision is applied it would still leave much 
manual handling to be undertaken*
In this investigation it was noted that most continuous heavy 
lifting was performed by semi-skilled and unskilled workers, although 
intermittent heavy manual lifting is performed by almost all 
personnel. Further, most heavy lifting and handling was performed 
in a stooping posture. This position is achieved by keeping the 
legs straight and movements within this posture invariably involved 
twisting.movements of the trunk (axial rotation) particularly where 
the footages were inadequate as in the case of working in trenches 
for foundations.
The causal relationship between material handling and trunk 
stresses established in Section I and supported by the-literature 
is further strengthened by these observations. Davis and Troup 
(1964), and Troup (1965) have shown that, in lifting from ground 
level with the trunic horizontal, the intervertebral compression 
force will be not less than five times the combined weight of the 
trunk, upper limbs, and the load lifted, depending on the speed 
with which the inertia is overcome and the acceleration. It was 
noted in the present observations that many stooping lift manoeuvres 
were initiated by j erking movements•
Further support is given by Partridge et al (l96s) who 
examined back injuries in iron foundry workers and noted that floor 
moulders had a much higher prevalance of disc disease than other 
workers who’s jobs could be classified as ’heavy1 in the sense of 
the physical effort demanded by the men. In both cases the end 
product was the same* Partridge et al (1968), suggested that the 
difference in complaint ratio: ; between the two groups could be 
equated with differences in working method* Floor moulding is 
done predominantly at floor level and the position of the box on 
the floor necessitates a stooping posture for much of the working 
day* Filled boxes weighing 45*5-91 Kgs*, are lifted ; by hand from 
floor level, in a stooping posture, thus exposing the back to 
maximum hazard* In the other group most of the heavy lifting is 
done from raised surfaces with the trunk erect*
From this and the work of Davis (1959); Davis and Troup (1964a); 
Davis and Jackson (1962); Nachemson and Morris (1965, 1964);
Nachemson (1965, 1966), and Nachemson and Elfstrom (1970), it is 
clear that lifting with the trunk in a stooped or forwardly inclined 
posture with the legs extended should be avoided as the trunk is 
exposed to maximum hazard. Further, Glover (i960), notes that 
of back injuries in the engineering industry involved axial rotation 
of the trunk of which 75/^ occurred when lifting*
In this investigation, the relative degrees and ranges of move­
ment varied considerably from site to site and from one workplace to 
another* Likewise, the frequencies,, handling height ranges and 
weights varied considerably the only constant factor being the 
body postures adopted* The nature of materials also varied con­
siderably from a moderate compact load (e*g* Lignicite block 55 Kg*,
21 x 20 x 45 cm) to a prefabricate floor section (e.g. 1016 Kg#,
18 x 0*4 x 0.2 m) representing a heavy non-compact load. When 
handling the later types of materials operatives were contributing 
152-254 Kg*, to a lifting manoeuvre in a stooping posture and 
clearly were exposing themselves to very large peak s p i n a l  stresses. 
When handling moderate compact loads clearly the peak stresses were 
less although the occurrence of these stresses was far more frequent.
Conclusions
In analysing some of the existing handling tasks, as carried 
out in the construction industry, it became clear that a great deal 
can be done by means of work study to increase the per capitum 
output in the industry particularly where ’conventional* methods are 
being used* It is equally clear that an extension of palletisation 
of loads and provision of simple lifting aids could offset much 
potentially dangerous activity although where this provision was 
applied it would still leave much manual handling to be undertaken.
Most continuous heavy lifting was performed by semi-skilled and 
unskilled workers although intermittent heavy manual lifting is 
performed by almost all personnel. Further, most heavy lifting 
and handling was performed in a stooping posture which has been shown 
to engender large peak spinal stresses in those employing such 
techniques. This., position is achieved by keeping the legs straight 
and movements within this posture invariably involve twisting move­
ments of the trunic (axial rotation).
The relative degrees and ranges of movement varied considerably 
from site to site and from one workplace to another. Likewise the
frequencies, handling height ranges and weights varied considerably, 
the only constant factor being the body postures adopted. It 
rapidly became clear that very large spinal stresses were being 
sustained by many tforkers.
SECTION III
- ^ TRUM 'STRESS ANALYSIS
a ) apparatus
Introduction
For individual analysis of truncal stresses radio pressure 
pill telementry was used as the rise in intra-abdominal pressure 
during physical activity shows a significant linear relationship 
with the magnitude of spinal stress ( r = 0.78) (Davis, Troup and 
Whitney, 1966).
The original studies on intra-truncal pressure changes during 
physical activity and postural changes of the trunk were conducted 
using partially inflated rubber balloons in the body cavities 
connected to a pressure transducer via a catheter, (vagina, Murphy 
and Mengert, 19335 rectum, Rushmer, 1946; rectum, stomach, peritoneum 
and bladder, Adno, 1956; rectum and stomach, Davis, 1956; stomach, 
Bartelink, 1957; oesophagus and stomach, Morris, Lucas and Bresler, 
1961; stomach, Eie and Wehn, 1962; oesophagus and stomach, Davis and 
Troup, 1964a; oesophagus, Sasaldt, 1969; and stomach, Asmussen and 
Poulsen, 1968),
Using intra-abdominal pressure changes as an indirect form of 
trunk stress measurement Davis and Troup (1966), used calibrated 
radio pills swallowed by the subjects instead of the balloon-catheter- 
transducer methodology to study different lifting methods during 
the erection of pit props at different working heights.
The first pressure sensitive radio pills were independently 
invented by two groups of scientists in 1957* Hackay and Jacobson 
reported a device in June which was capable of transmitting pressure
and temperature changes whereas Farrar et al (1957), described a 
parallel device in November which was only pressure sensitive*
Such devices have since been developed and have been used to 
investigate the truncal stresses encountered in different working 
situations (Davis, Troup and Whitney, 1966; David, Eamley and Saunders, 
1969 and Kumar 197l)* Their main advantage over other methods is 
that they can be used in field as well as laboratory situations 
with minimal interference to the subjects tinder investigation*
l). TELEMETERING SYSTEM 
a. RADIO FILL
Description: In the present study Rigel Research Ltd*, model 
7014 pressure sensitive radio pills were used* These are small 
radio transmitters specially designed for pressure measurements in 
the gastro-intestinal tract of large mammals* They transmit at a 
central frequency of approximately 400 ; kHz* Depending on the 
accuracy of adjustment pressure variation alters the frequency of 
transmission by between 10-40 M!s for a pressure change of 73*5 mm.Hg* 
The pill consists of a transistor oscillator,the frequency of which 
is controlled by a diaphragm operated variable inductor* A miniature 
mercury battery, type RK 512, is employed as a power source * It has 
a life of at least 40 hours* The battery is readily replaceable so 
that each pill can be used repeatedly. The operating temperature 
for these radio pills ranges from 0° to 45°C.
Construction: The Clapp oscillator circuit (Watson, Ross and Kay,
1962) has been employed in these radio pills (fig*29 )* Here the 
inductance (L^ ) is wound on a small ferrite pot core and the magnetic
1.34V Cell 
(Mercury)
0C58
2200pF
200yH
Transducer
ImH
Aeria l2200pF
220QpF
CIRCUIT DIAGRAM
mm.
MECHANICAL LAYOUT
circuit completed by a disc of ferrite# The inductance depends 
on the air gap between this disc and the core, variations in the gap 
causing a change in the inductance (L^ ), and this in turn leads to 
a change in frequency of oscillations* The carrier frequency is 
in the band 300-500]dIz and the modulation caused by a positive 
pressure reduces the frequency*
The components are wired into a perspex former and sealed into 
the perspex body before the diaphragm assembly is undertaken*
The mechanical lay-out is shorn in fig# 29, The body of the 
pill is machined from 8*8 mm diameter perspex rod. The metal 
diaphragm is a beryllium disc 7*5 mm in diameter* This rests on 
a shoulder machined into the perspex body* A brass spigot tapped 
with 14 B A thread is attached with Araldite resin to the diaphragm* 
The ferrite disc is secured with Araldite to a brass disc machined 
onto the end of a 14 B A screw, which is then fitted into the brass 
spigot# This assembly allows accurate adjustment of the gap in the 
pot core* It is essential to have the ferrite disc accurately 
aligned parallel to the pot core and this requires the disc to be 
ground flat after it is attached to the screw. A rubber VO* seal 
and perspex diaphragm retaining ring seal the pill from leaks at 
the diaphragm*
The battery end must be sealed from the diaphragm chamber and 
B#I*P. resins have been used to encapsulate the elctronic com­
ponents, so ensuring a rigid assembly and a good seal* High vacuum 
silicone grease may be applied to the *0* seals to eliminate any 
remaining leak*
Pressure characteristics: Ideally the response of the radio
pill to pressure should be linear# Depending on the diaphragm 
an almost linear range of response can easily be selected to suit 
the experiment# However, the response does tend to deviate from a 
straight line towards the end of the range but the error due to non- 
linearity is usually less than 5 per cent of the full scale deflection.
Diaphragms differ in thickness according to the range of 
pressures to be measured# Pressures up to 110 mm. Hg.f are reliably 
measured by a diaphragm 0.025 mm# thick. If it is required to 
measure pressures greater than 110 mm Hg. ,' it is necessary to 
increase the thickness of the diaphragm in order to retain linearity*
A diaphragm 0*058 mm in thickness can measure pressures of 0-220*5 mm.Hg.
Effect of temperature: Generally pressure sensitive radio pills
are affected by changes in temperature# A temperature sensitive 
reactance is not used in the present circuit. Fortunately, the 
change in frequency due to component variation, particularly in the 
transistor, causes the frequency to decrease whereas the air that 
is contained within the pill expands with increase in temperature, 
causing the frequency to increase? by adjusting the gap in the pot 
core, it is possible to balance out the two effects# With such 
adjustments the pill becomes accurate to 5 per cent.over the range 
of 35° C to 4 0 . 5 ° c .
Stability of the pill: If the frequency of the transmitter
changes over the life of the pill, the base line of pressure measure­
ments will drift. This is inconvenient for long-term studies of
pressure changes and would preclude reliable analysis* Furthermore, 
frequency changes must be prevented if absolute pressure measure­
ments are required* This effect may be due to a change in the 
circuit condition caused by variation in the battery voltage or to 
deterioration in the mechanical properties of the~ diaphragm* Any 
pill found to have excessive drift was either discarded or fitted 
with a new diaphragm and retested*
Manufacturers specifications:
Frequency: 400 kHz approximately
Sensitivity: 10-40 kHz for 75*5 am Hg. excess pressure,
when adjusted correctly*
Drift: Base line drift not greater than 0.25/*
of operating frequency between the 3rd and 
the 40th hour#
Transducer Temp*Coeff: - 2#6 mm# Hg. per °C idse*
Transmitter Temp.Coeff; Maximum -f 0*7fo of operating frequency
per °C rise#
Operating Temperature: 0- 45°C
Maximum Temperature: 60°C
Battery: Mallory type RH 512#
Battery life: 40 hours minimum
Dimensions* 25*0 mm long x 8*8 mm diameter*
b* BATTERY
The Mallory cell type RM 512 was used as the power source for the 
pill* This cell has a stable voltage curve as the current is 
drained from it and regulation is within 0#5 per cent. The voltage
of this cell drops quickly from 1.55 volts to 1.52 volts over the 
first 50 minutes and then remains within the quoted regulation.
The drift in base line from invested pills corresponds to a 
change in the carrier frequency of less than 3 per cent? this figure 
being inclusive of receiver drift (¥atson, Ross and Ray? 1962).
On.pills tested after recovery and refuelling, the pressure 
calibration has been found to be the same as the pre-experimental 
calibration (hatson et al: 1962).
C* AERIAL
The aerial evolved and employed was an ^ unidirectional antenna. 
It consisted of a single multi-strand loop around the subjects 
abdomen# The loop was constructed from twenty turns of R.S. 
miniature strand P*V*C* cord, size 70048, wound tightly round nails
hammered vertically on a wooden board describing a circumference of
IIV
J5? cm. These loops of wire were pressed close together and painted 
with plastic cement in acetone inside and outside by means of a 
camel hair brush. The painting was allowed to dry and the nails 
withdrawn* The loop thus obtained was further covered round at 
regular intervals by means of adhesive tape# The two ends of the 
loop wire were soldered to a low noise coaxial cable (75-ol ) then 
secured in Araldite potting compound.
This type of aerial was preferred to the conventional 
^omnidirectional antenna used by Kumar (1971) as it removed the 
necessity of using an aerial switching unit which in the past has 
beemlaiowa to be unreliable (Watson, 1974)*
d. RADIO PILL RECEIVER
This has been designed by K.R.C. but manufactured and supplied 
by Selig Electro-magnetics Ltd. It is essentially a general purpose 
receiver for any frequency modulated transmitter in the frequency 
range 20 kHz to 32 MHz with a gap between 1.5 MHz and 1.7 MHz 
to permit the use of a 1621kHz intermediate frequency which gives 
a far superior image rejection than frequencies in the 450 kH 
region*- '
The instrument is basically a Heath Kit R.G. 1 receiver.
Each band is separately calibrated on a large easy-to-read slide 
rule scale. The dial is illuminated and provides approximately 
9 inches of band-spread for each band. A two speed drive is in­
corporated, allowing a small section of the band to be turned at a
very slow rate. It has the following specifications:
Frequency coverage Band A. 300kHz to 1.5 MHz
Sensitivity 3 /Mv for lodB s/N ratio or better
(S.v/.bands).
B/^vfor lOdB s/ll ratio or better 
(m.¥* bands).
Input impedance 75-^ - unbalanced.
e* DEVICES MOLTICHAHHSL RECORDER M.4*
The trace is recorded by a hot stylus on a heat sensitive 
paper in rectilinear co-ordinates. The stylus temperature is 
automatically regulated by the paper speed.
The pen motors are completely sealed. Frequency response 
with 8 cm. writing arm - hot stylus is 0-70 Hz (3dB). Maximum
excursion of the pen tip is mechanically limited to 5*5*cnu 
Linearity's 2$ of deflection or 0*3 m  whichever is the greater 
over central 40 mm. '3$ of deflection or 0*3 mm whichever is the 
greater when the pen is working in the outer 5 mm, total deflection 
' being 5-0 Baa*
. The .paper drive is servo controlled to 1/S accuracy giving 12 
speeds between 2*5 nm/min to 100 m/sec. A special drive system is 
used to ensure that .paper wander does not exceed - 0*5 mm total 
deviation* • There -arc two markers and a time scale generator which 
feeds the' central marker capable of marking seconds and minutes*
■ H.T. supplies to the amplifier are derived from plug-in 
atabilisors* Loir .voltage a.e* supplies are token from the trans­
formers to -12 v* voltage stabilisers, the control unit.'.-* the driver, 
amplifiers and the'pens, via the pen heat controls*
Pre-amplifier:
•Bio 13*0* 20 pre-amplifier is a high sensitivity d*c* amplifier 
used with physiological transducers, it may be used balanced or 
unbalanced and provides a ID v d*e* isolated bridge energising 
■supply* The maximum current drawn from this source should not 
exceed 100 mA. It has an input resistance of 3 K oha. The gain 
provides a fine gain eonii-oX, with a range of 2.5:1, over the 
10 position of the input attenuator which are calibrated in steps • 
from 0,1 mV to 100 nV» The offset gives £ 100^ suppression of 
pen deflection, independent of sensitivity setting*
f, OilLXBEATIOk 5TSB3K FOB RADIO PILL. Fig, 30
l). Round bottomed flask
A threo mouthed round bottomed flask was held in a therm-
Fig. 30 Radio P ill Calibration
A Round Bottomed Flask  
B A eria l W ire and Loop to Receiver 
C Pressure Tubing from  M ercury Manometer 
D Therm om eter
E Rubber Bung Holding Radio P ill Support 
H Radio Pressure P ill
ostatically controlled oven by means of a heavy bottom stand and a 
clamp* All the three mouths were sealed by rubber bungs. The 
top bung had an inserted wire carrying a wire basket at the other 
end to hold the radio pill vertically. One of the side bungs 
had a hole through which passed a small glass tube. This glass 
tube was connected to another glass tube at the top of the in­
cubator by means of rubber tubing. The third mouth was always 
kept sealed by a tight fitting rubber bung. For calibration the 
pill temperature was maintained at 37°C.
II). Aerial -
The aerial consisted of a loop consisting of 8 to 9 turns of 
wire. This loop was arranged horizontally around the glass flask 
and the two ends of the loop soldered to the co-axial cable hanging 
from the top of the oven. The other end of the cable had a coaxial 
socket.
III). Sphygmomanometer
A sphygmomanometer bulb was joined by means of pressure tubing 
through a glass *TV junction to the glass tubing from the interior 
of the flask and to a manometer* By pumping the sphygmomanometer 
bulb, pressure was raised inside the glass flask and its magnitude 
directly registered on the manometer.
2). POSTURAL ATTITUDES Fig.51
A large mirror (l.85 x 1.22 metres) mounted on a frame at a
045 angle over subjects at work, with an 8 mm cine camera pre­
positioned in relation to the centre of work allowed a multidimensional 
photometric analysis of postural attitudes*
The subjects performed on a work floor that consisted of sheet 
of plywood (152 x 0.84 m ) painted matt black and calibrated in
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Fig. 31 Laboratory Instrumentation
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Fig. 32 Standard 8mm camera mounted at 90° to its normal position
Enlargement of a section of the processed cine film
20 cm squares ♦ The rear limit of the working area was formed hy 
a blue painted sheet of Kardboard (l.S8 x 1*82 m ) calibrated in 
10 cm squares* The large rear silvered mirror was supported over 
the activity area by opeedframe with the lower edge 1.82 m above the 
floor*
An Agfa Mover Reflex cine camera was positioned on an axis 
perpendicular to the backboard with the centre of its aperture 
1*40 s above the floor line and 6*3m away*
To utilse the majority of the available film area the cine 
camera was mounted at 90° to its normal filming axis. (fig. 32 )
3) PHOTOGRAPHIC EQUIPMENT
I) Agfa Mover Reflex Standard 8 mm camera type 5142 
and two loadingcassettes.
II) Diawa Professional tripod stand*
III) Four 250 w. Photoflood bulbs*■
IV) Four universal clamp bulb holders*
V) Standard 8 mm Kodachrome.II ASA/BS 25, 15 DIM*
4) : HEIGHTS . •
The three loads used in the lifting tasks (3, 15 and 25 Kg)
consisted of lead ifeights on a handled pallet (Fig* 33 )*
The base plate of the pallet was raade of a sheet of Dural 
(33*3 r 25*5 r 0*9 cm ) and the lead weights secured on it by
two retaining rods of 0.4 cm diameter steel threaded through the
plate. The handles, which consisted of knurled Dural rods, 1*8 cm 
diameter and 16.2 cm long, t;ere secured to the base plate by
bolted brackets 6.9 cm long. ■ A strip of Dural 20*3 x 1.6 r 1*6 cm
was.secured centrally onto the front top edge of the base plate*
Fig, 33 Load Pallet
A Weight Identity 
B Accelerom eter 
C M icro-Switch  
D Lead Weights 
E Securing Rods
X V  M.
This was used to secure a.micro-switch which was insulated from the 
body of the pallet by a sheet of Bakelite. In addition to the micro- 
switeh for load lift and placement times , the pallet was also 
fitted with a calibrated miniature accelerometer to allow a deter­
mination of the vertical peak forces applied to the load.
The side edges of the pallet were painted at intervals of
2.5 cm black and white alternately. The rear edge was painted 
green and white.
5). LIFT HEIGHTS
The loads were lifted by the subject to one of the three 
levels in the Speedframe structure (0.42, 1.11 and 1.53 metres)
(Fig. 31).
Each height level consisted of a piece of 5 ply# 71 x 5.1 X 1 cm. 
secured with self tapping screws onto the speedframe structure*
Hooks were provided at the 0.42 metre level for displaying the 
weight identity cards.
6). l) ACCELEROMETER
A Pye Dyamics Ltd. acceleration transducer Type BLA;2 Sub 
miniature was 'used "to' allow a determination of the vertical peak 
forces applied to the load.
The BL A2 miniature accelerometer (acceleration transducer)9 
owing to its small size (14.6 x 7«5& x 5«58 mm) and light weight 
(2.25 - 0.25 gm), may be used for a wide range of applications, 
ranging from investigation of acceleration in simple linkages to 
the measurement of accelerations which the human body experiences 
in high speed flight. It produces a high output voltage which 
enables a wide range of simple indicating and recording equipment 
to be used.
Two semiconductor strain gauges are employed as the trans­
ducing elements# These strain gauges are mounted on a cantilever- 
mass seismic system; a limited amount of damping is applied to 
reduce the effects of beam resonance under conditions of vibration* 
The elements are connected in a half bridge configuration, so that 
in conjunction with two external 330Jl high stability resistors a 
complete Wheatstone bridge can be formed. The bridge may be balanced 
by inserting a high stability 10il variable resistor in series with 
the external resistors as shown in fig. 34
At normal ambient temperature, double sided adhesive tape can 
be used for mounting the transducer.
The electrical connections to the transducer are made via 
a screened, 3-core p.v.c. covered flying lead.
Specifications
Range - 20g.
Transducing element Half bridge
Half bridge resistance 2 x 330 ohms(~ 1($)
Excitation voltage 6.0 v. maximum
Insulation resistance 100 megohms at 50 vd.c.'
Sensitivity 30-45 millivolts per volt*
Horldjig temperature -40°C to + 100°C
Static overload without calibration 25g*
shift.
Static overload to rupture 30g.
Safe dynamic overload 25g*
Hatural frequency 140 Hz (approx)
Frequency response Flat - 5/^ over range
0-100 Hz.
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11)-RECORDER. Fig. 35 '
An SE 4001 Electro-Medical Multi-channel Amplifier (EMMA) 
and an Ultra-Violet Recorder type SE p006 were used to record 
load acceleration.
EMM is an integrated instrumentation system for medical 
application. It consists basically of two 6 channel cabinets 
fixed together. The main cabinet model SB 4001* contains up to 
six d.c. output amplifiers. The smaller sub-cabinet contains up to 
six inter-changeable pre-amplifiers.
In recording load acceleration, a carrier pre-amplifier, model 
4912, was used as a full bridge differential transformer to drive 
a d.c* output amplifier model 4910# Both these amplifiers had 
frequency responses 0-100 IIs this being the same as the frequency 
response of the acceleration transducer. The output from the drive 
amplifier was recorded on an Ultra Violet (U.V.) light Recorder.
The principle of the operation in such a recording system 
depends upon the incident light from an ultra violet lamp being 
deflected by the movement of a small mirror attached to a galvan­
ometer suspension. The movement is caused by torque produced 
when current from the output drive amplifier passes through a 
coil attached to the suspension. The recording is effected by 
focusing the reflected spot onto sensitised print out paper which 
produces a high contrast recording within a feu seconds under 
normal ambient light conditions. Up to six or twelve channels can 
be recorded simultaneously.
The paper drive system of the U.V. recorder comprises a 
variable speed gearbox driven by an asynchronous motor and paper
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Fig.35 Recording Apparatus
A M ercury Manometer
B S . E . M .  Radio P ill Receiver
C Thermostatic Oven
D Pressure P ill Calibration System
E S . E . L .  (Emma) 4001 Medical Amp. System
H S.E.  U .V .  Recorder
speeds can vary from 5 mm/min to 125 mm/sec* A phot of lash unit 
is used to print timing lines across the paper at intervals ranging 
from l/min to lQO/min#
7)* E VEHT 'MARKING CIRCUIT
Two event marking circuits were designed* One was a micro- 
switeh and relay circuit that was used to relay load lift and 
placement times to the marker pens of the recorders, and to light 
a portion of the film field# The other was the construction of a 
timing device that registered in the film field in addition to 
transferring a frequency constant signal to the recorder, thus 
establishing film and recorder synchronisation#
The micro-switch and relay circuit is shown in fig# %  The 
circuit was powered by a 12 volt 4 amp# high powered battery*
When the weight left the ground the micro-switch circuit was made 
and the coils of the reed relays activated. The first relay (i) 
operated a mains powered bulb situated in the film field# The other 
relay circuits ( -2 & 3), operated event markers on the EMMA and 
Devices M4 recorders respectively# When the weight was placed 
at the required height level the micro-switch circuit was broken 
and the coils of the reed relays de-aetivated causing the bulb to 
go out and the event markers to return to their neutral positions# 
The timing device for film and recorder synchronisation was 
constructed from an old battery powered clock# The old motor 
was stripped out and replaced with a Crouzet Synchronous motor 
(ref# 82.350) fitted with a gear box (ref# 454) to give a standard 
speed of 1 revolution every second*
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Tlie motor and gearbox were bolted onto the rear of the.clock 
face and a light-weight counter-balanced sweep hand connected to the 
shaft with a brass sleeve secured by a threaded cam* A small micro- 
switch was also attached to the clock face with the switch arm 
projecting through a hole drilled in the face. The switch arm was 
positioned such that, every time the sweep arm revolved* the cam 
connecting the arm to the shaft triggered the switch. Each time 
the micro-switch was triggered an event marker on the K4 recorded a 
pulse*
The clock face was painted white and the sweep hand red* The 
calibrations were marked in black and were based on the ufiit of 
eight which corresponded with the filming speeds of the Agfa 
Movex Reflex vis. 8, 16 24 32 frames/sec.
8). SPIRAL -MARKERS PIG* 37
Three spinal markers were used* Each marker was made of 0*6 cm 
dowell fixed on a rectangular wooden base 7.5 x 2 x 0.7 cm. Two 
lengths were used, 28 and 14 crns* The shorter one was used to 
indicate the relative position of the underlying vertebrae when 
attached over the fifth lumber spinous process. The markers were 
painted with Flourart Flourescent Poster colours. Several com­
binations were used viz. white and orange, green and red, and red 
and white. The markers were similar to those used by Davis, Troup 
and Burnard (1965).
9)# APPARATUS USED III THE ANALYSIS
l) Cine projector: A 'Specto Motion Analysis Pro­
jector Mark II fitted with a 2.5 c.m. f 1.6 lens was used 
together with an 'Ilford Elmo 8 mm cine projector fitted with a
Fig. 37 Subject Preparation  
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2.5 cm f 1.5 lens* She Specto projector incorporated 16 and 2 
frames per sec. and single frame transport systems, the latter being 
operated by an extension lead and micro-snitch. The Elmo projector 
incorporated slow'and single frame transport systems, the latter 
being manually operated. Single frame analyses were used throughout 
the present series.
II) Projection System: The projector was set up as shorn in 
fig* 38 The film was projected onto the mirror used for measuring 
postural attitudes and the image reflected down onto a white sheet 
of paper on the analysing surface. The projector was then adjusted 
such that the calibrations of the backboard in the image were 
exactly 1 cm apart in the horizontal and vertical planes. Tracings 
and measurements were made on white paper pinned to the board of 
the analysing surface.
III) Planimetry: The area under the intra-abdominal pressure 
curve for the duration of each lift was determined by planimetry 
as shown in fig. 39 u s in g  a Stanley Allbrit Fixed Index planimeter 
fitted with a magnifier tracer* The essential features of the 
planimeter is a fixed tracer ar^m attached to a carriage containing 
a measuring wheel which is in turn attached to a calibrated drum 
geared to a counting dial. Attached to the carriage is a pole 
arm, the other end of which is the pole securing weight*
A checking rule was also used to determine the accuracy of the 
instrument (£ l£>).
.10) AlfTHROPOIiSTRY: .
Clarke (1954-), Elbel(l949) end Switzer (1962) have noted in 
past studies a significant relationship between body size and 
strength test scores. Since the results of this study are intended
FIG. 38.
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Fig 39 Determ ination by planim etry of the area under the 
intra-abdom inal pressure curve for the duration of 
the lif t .
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initially to be applicable to the construction industry population, 
it is desirable -to" know how well the' body sise characteristics of 
the samples being tested compare with those of the construction ; 
population* If the body sise characteristics of the one are quite 
comparable to those of the other the results of the study can be 
generalised to a construction population with reasonable confidence*
Nine anthropometric dimensions were taken for each subject 
using a Holtain Ltd* anthropometer to the nearest m.m. Weight was 
recorded on a Herbert and Sons Ltd. beam balance to the nearest 50 gm* 
(see pp 173)*
B) METHODOLOGY
l) histrumental
i). TEIMffiTERING.SYSTEM.
a. Recorder:
A paper speed of 5mm per sec*, was used throughout the work*
The pen aero was adjusted so that the pen was positioned 
5mm. from the extreme left base line of the channel.
b. Aerial and Radio Pill Receiver:
The pills were always within the range of band width A.
Using the central frequency scanner the receiver was tuned to the 
pill signal by decreasing the frequency of reception to a point 
past the null position where the pill signal was only just audible. 
When properly tuned to the pill, a continuous high'pitched note 
could be heard.
The radio frequency gain (R.F.) determines the input sensitivity 
of the receiver and can be altered without affecting the cali­
bration. However, if the sensitivity was turned right up inter­
ference was picked up, and if it was set too low the effective 
range of the pill was initially shortened and with further reduction 
the signal disappeared. In practice the best setting was found 
to be between three quarters and maximum gain.
The signal strength indicator was not used as this gave only 
a very rough guide as to signal strength.
c. Radio Pill:
l) Haintainance:
The pressure diaphragm of a radio pill is extremely fragile 
(0.033 mm in thickness) and was therefore always handled by its 
central boss.
The pills were dismantled, cleaned and reassembled for every 
experimental run#
2) Sterilisation:
Before administering the pill to the human body, it should be 
sterilised* This was achieved by immersing the pill in a solution 
of.'0*5$ Hibitane in 7Op alcohol for 3-4 hrs* prior to battery 
placement and calibration*
3) Testing and Calibration:
Sterilised, cleaned and stabilised radio pills were tested for 
functioning and calibrated for their response against known pressures* 
The temperature of the oven used in the calibration system was 
adjusted to 37*0°C and allowed to stand at this level continuously* 
Each time before, during and after the calibration of a radio pill 
the temperature of the oven was checked* The radio pill to be 
calibrated was placed in the metallic wire basket within the round 
bottomed flask hanging in the oven and all three bungs checked for 
leaks* After making necessary adjustments to the recorder and 
selecting the appropriate range on the pre-amplifier, and setting 
up the radio pill receiver and the aerial the recorder was switched 
on* While the paper was running, the pen aero was accurately 
adjusted to the 5mm mark on the left of the channel* With the 
paper still running the pressure in the round bottomed flasK was 
increased by pumping air by the sphygmomanometer bulb in steps of 
10 mm Hg* The calibration was done from 0- 180 mm Eg* The pressure 
generated in the glass flask was read in the mercury manometer 
employed* If the response was linear the experiment proceeded, if 
not, adjustments were made to the gain of the recorder, scale length
of the radio pill receiver, range of the preamplifier and, the 
tightness of the diaphragm of the radio pill. Screwing in the 
central boss increases the linearity, though it decreases the 
sensitivity. A suitable compromise had to be used on some occasions 
as shown in fig. 40 In this example, pill no. 538 was linear from 
0- 160 mm Hg# each mm per deflection representing 4 mm Hg. pressure* 
Pill no. 107 was Similarly linear from 0- 110 mm Hg* but thereafter 
decreased in sensitivity due to the close proximity of the ferrite 
disc to the pot core.
Once calibrated the pill was tied within the teat of a condom 
sheath and retested six times, three using steps of 10 mm Hg. and 
three using steps of 5 mm Hg. The calibration curves of two pills 
are shorn in fig.
ii). LOAD ACCELERATION•
a. Recorders
An EMMA and an U.V* recorder using a paper speed of 12.5 mm/sec 
was used throughout the work to record the vertical peak forces 
applied to the load. In recording load acceleration, a carrier 
pre-amplifier was used as a full bridge differential transformer to 
drive a d.c* output amplifier* The output from the drive amplifier
was recorded on a U.V# recorder using an A.1600 galvanometer*
The leads from the transducer bridge (see fig#34) were connected
to a Tuchel connection (t . 3402) as follows:
Pins 1 Guard (screen and transducer ground)
2 5 volt r.m.s* carrier out
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3 Signal input 
' 4 . 5 volt r.m.e. carrier out 
■ 5 11.C.
■6. ■ Signal input 
The following procedure tras used to calibrate and balance . 
the. recording system .-before calibrating the accelerometers ■
i) She U«V# recorder was switched on and . the galvanometer 
adjusted until' the 'light spot /was in the middle .of-the. paper exactly 
on the 7 cm grid line* Thereafter this position was considered 
aero. '
ii) With the carrier amplifier removed the BMHJL was' switched 
on and any deviation of the U.V# light spot compensated for by the 
drive amplifier shift control with the attenuator set at
iii) The carrier amplifier with the transducer connected was . 
then'plugged'into the EKHA rack# The load pallet* with the accel­
erometer attached* was weighted flat on the floor away from the 
recording system. Position H was selected on the carrier amplifier
•I* 4-
■giving a -r&pge of * 45-M.V# .resistive and - 1500 pF reactive on- the 
bridge'balance.
iv) The attenuation on the' drive amplifier SB 4910 was de­
creased and the resistive balance on the carrier amplifier adjusted 
until the sero was re-established on the U.V. recorder# Using 
the biased toggle switch on the carrier amplifier in a depressed 
position* the reactive balance was adjusted using a screwdriver in 
the pre-set *X* until the sero was re-established.
v) iv. was repeated, z eroing resistive and reactive bridge 
balances in sequence for decreasing attenuation.
vi) The filter switch on the S.E. 4910 amplifier was set at 
L (50?o at 110 Hz).
b. Accelerometer Calibrations
With the recording system calibrated the attenuation control 
ons the drive output amplifier was set at 10 and the gain reduced. 
The paper was then run for 10 seconds and a steady baseline pro­
duced. The load pallet m s  then inverted to give 2G and the gain 
control adjusted until a deflection of 40 mm was obtained from the 
zero position. The paper was again run for 10 seconds. The 
pallet was then re-positioned in its normal resting mode and a 
further record taken to ensure zero stability. If there was no 
deviation from the zero position after several repeated calibrations 
the experiments continued.
In earlier experiments calibration shifts sometimes did 
occur particularly when handling heavy loads* These were probably 
due to dynamic overloading of the strain gauges when the load 
pallet was placed on the required height levels. The problem was 
overcome by securing a thin sheet of foam rubber onto the base of 
the pallet. Using this as a shock absorber, the peak placement 
stresses on the transducer were greatly reduced whilst maintaining 
the recording accuracy of peak load acceleration during the lift­
off phase.
2) EXPERIMENTAL
Preparation of Subjects 
a* Anthropometry
15 subjects participated, all being males between 19-47 
years of age with no previous history of low back pain* Two subjects 
were used more than once and a total of 18 experimental sequences 
were completed.
10 anthropometric dimensions were taken for each subject to­
gether with age to the nearest half year. The anthropometric 
dimensions were as follows:
i) WEIGHT: the subject was weighed'on a beam balance to 
the nearest 50 gm. The subjects were clothed in lightweight shorts 
only#
ii) STATURE: the subject stood with his heels together, 
stretching upward to the fullest extent, aided by gentle traction 
by the measurer on the mastoid processes. The anthropometer was 
held vertically by another measurer with the horizontal arm in 
contact with the subjects head* Stature was recorded to the nearest 
5 mm.
iii) SITTING HEIGHT: the subject sat on a table top with his 
feet hanging down unsupported over the edge. The backs of the 
knees were directly above the edge of the table. With the sub­
jects back stretched up straight, gentle traction was applied 
under the chin and the horizontal arm of the vertical anthropo­
meter brought in contact with the subjects head and the distance 
recorded to the nearest 1 mm.
iv) BIACROHIAL DIAMETER: to give the maximum shoulder width 
the subject stood -with his shoulders relaxed to the point of slump­
ing forward# The external borders of the acromial processes were 
palpated and marked. The distance between the two marks was 
recorded from behind the subject to the nearest 1mm#
v) TOTAL ARM LENGTH: the subject stood'with his arm and hand 
fully extended by his side. One arm of the anthropometer was 
placed at the inferior border of the acromial process and the other 
at the tip of the longest finger. The distance was recorded to the 
nearest 1mm.
r'.
vl) UPPER ARK LENGTH: the external superior border of the 
head of the radius was palpated and marked and the distance between 
this mark and the inferior border of the acromial process recorded 
to the nearest 1 mm.
vii) HARD LENGTH: the distance between the longest finger 
tip and wrist crease was measured to the nearest 1 mm.
viii) UPPER LEG LENGTH: the subject stood supported on one leg 
while the other leg was manipulated by the measurer in order to 
palpate and mark the position of the greater trochanter. With the 
subject then standing erect the vertical distance between the 
greater trochanter and lateral condyle was taken to the nearest
1 mm.
ix) LONER LEG LENGTH: with the subject standing erect the 
vertical distance from the malleolus to the tibiale was taken to the 
nearest 1 mm.
x) FOOT LENGTHS the subject sat .with his left foot resting 
lightly along the horizontal bar of the anthropometer with the 
centre of the heel against the arm of the anthropometer; the second 
arm of the anthropometer was then brought into contact with the 
end of the longest toe, without pressure, and the distance recorded 
to the nearest 1 mm. If the toe nail protruded beyond the toe 
line it was cut.
The results are summarised in Table 30 together with means, * 
standard deviations and ranges, and Table 31 gives the individual 
figures.
b* Spinal Marker Positioning
Each subject was seated upright on a stool and the twelfth 
rib palpated by inward pressure of the fingers of both hands in 
the back. This rib was followed to the spine and the twelfth 
thoracic vertebral spinous process marked* The subjects were then 
asked to lean forward onto a lower stool and to fully flex the 
spine. In this position the location of the marker was confirmed. • 
The fifth lumbar spinous process was also palpated and marked together 
with the first thoracic spinous process.whilst still in the fully 
flexed position*
With the subject in a flexed position, the length of the 
rectangular base of the spinal marker was arranged in the long 
axis of the spine with its centre above the spinous process of the 
particular vertebrae. A large strip of adhesive tape 16 cm x 8 cm 
with a small centrally placed hole was used to firmly secure the 
position of the marker. An additional strip of sleek adhesive 
tape was also used above the base of the marker to ensure that the
X I V
TABLE 30 MEANS, STANDARD DEVIATIONS AND RANGES OF SUBJECT DATA.
MEAN (CM) S.D. (CM) RANGE (CM)
STATURE 177.7 7.5 166 - 194
SITTING HEIGHT 92.1 2.5 88.6 - 97.1
BIACROMIAL DIAMETER 37.3 3.4 31.6 - 43.1
TOTAL ARM LENGTH 78.1 4.0 72.8 - 86.3
UPPER ARM LENGTH 33.3 2 .3 30.2 - 39.6
HAND LENGTH 18.8 0 .8 17.2 - 20.0
UPPER LEG LENGTH 40.5 5.1 35.9 - 50.0
LOWER LEG LENGTH 43.5 2 .7 38.3 - 47.3
FOOT LENGTH 25.5 1.1 23.2 - 27.2
WEIGHT (Kg.) 
AGE (years)
73.3
25.7
11.6
6 .5
58.2 -  
19.0 -
95 .3
47.0
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marker pin remained perpendicular to the skin surface throughout 
the experiments (see fig# 37)*
c* Aerial Placement
The subject stepped into the aerial loop which was then 
brought to waist level and secured horizontally with an elastic 
belt* The aerial circumference was larger than the subjects waist 
dimensions and to remove the slack, a fold was made in the front 
portion of the aerial loop which was taken taped to the subjects 
upper abdomen in a vertical mode* This helped to remove the 
possibility of loss of signal when using a unidirectional aerial 
system*
d* Administration and Recovery of the Pill
The subject was given a calibrated radio pill enclosed in a 
condom teat and maintained in the incubator at 37*0°C where cali­
brated* The pill was placed on the back of the tongue and swallowed 
with the aid of a glass of orange squash also kept in the same 
oven overnight for temperature stabilisation* This method ensured 
minimum temperature change of the radio pill from the oven to 
administration and no temperature drift was found later during recording 
in any experiment*
Each subject was issued with a black polythene bag-, containing 
a moulded plastic toilet bowel insert, a pair of tweezers, a pair 
of disposable plastic gloves and a vial containing a 0.5^ Hibitane 
solution in 10$ alcohol* The subjects were asked to defalcate into 
the bowel insert, lined with paper, after the experiment and then 
sift the faeces with the tweezers with gloved hands to detect the
presence of the pill* Once recovered, the pill was washed with cold 
tap water, 'wrapped in a piece of cotton wool and dropped into a 
vial containing 0*5h> Hibitane in alcohol*
, An alternative detection method was to tune a transistor 
radio into the pills signal and by passing the transistor near to 
the faeces its presence, or absence, could be verified. This 
method was however not encouraged as the battery life of the pill 
was limited to a minimum of 40 hours and many pill recoveries took 
longer*
On return to the laboratory the condom teat was cut and the 
battery unloaded* It was then dismantled, cleaned and sterilised, 
reassembled and recalibrated*
Sometimes, the frequency of the transmission was found to 
have altered due to variation in the pot core gap# Ho attention 
was paid to this change in the transmission characteristic so long 
as the linearity of the response was unaffected, which was usually 
the case* Where the transmission characteristics in a reassembled 
pill were totally changed and linearity lost, a complete new 
diaphragm assembly was introduced and the pill retested for linearity
e# Cine Photography
Subjects were placed in standard positions in relation to the 
lift heights where the lifted weights were to be placed* These 
positions varied depending on the technique of lifting used* (see pip 
Four photoflood lamps were lit and the Agfa Hovex Reflex camera 
fitted with a shutter cable release and mounted on a tripod at 90° 
to its normal filming axis* The tripod was positioned 6*3 m. away 
from the backboard and the spinal markers sharply focussed*
Every time the camera was loaded its mechanism was fully wound to 
ensure a uniform speed of frame transport during filming*
A 12? 4A high powered battery was connected to the micro- 
.switch'and relay circuit that was used to relay load lift and 
placement times to the marker pens of the recorders* The light 
in the relay circuit was connected to a mains supply and the micro- 
switch tested to ensure that each time the load micro-switch was 
triggered at load lift and placement times,that the marker pens 
operated and the bulb illuminated a portion of the film field*
The timing device for film and recorder synchronisation was 
connected to a mains outlet and the frequency output on the event 
marker of the M 4 checked against the internal true base of the 
recorder* Such a synchronisation of the tiro media provided a 
more reliable analysis of the results* The interesting phases of 
lifting e*g. initial load acceleration, could easily be located on 
the film and the spinal posture and general orientation of the trunk 
noted together with the synchonofcis details of the intra abdominal 
pressure#
f* Lifting Techniques
i)« General description 
Five types of lift were used:-
A) Lateral Full Stoop Lifting
B) Straight Full Stoop Lifting
G) Straight Full Flexed Knee Lifting
B) Straight Semi Stoop Lifting, and
E) Semi Flexed Knee Lifting
and are all illustrated in the text, Fig. 41-45
B, C and D were symmetrical lifting manoeuvres, whilst 
A and B techniques involved rotation of the trunk.
Four experimental sequences were used* These are enumerated 
below#
1) Straight Full Stoop and Lateral Full Stoop Lifting 
Figs• 41 & 42
Bach subject lifted loads of 3, 15 and 25 Kg* from the ground 
to 0.42, 1*11 and 1.53 metre heights respectively. Two postures 
were adopted# (for full description see p. 183)* Firstly, the 
subject carried out a straight full stoop lift in which the pallet 
was directly in front of him, and the lift required sagittal flexion 
and extension, of the-spinal mechanism only (Fig. 41 )* in the . 
other method, lateral full stoop lifting, the pallet was placed to 
the left of the subject, and the lift .'required left lateral flexion 
of the spine as well as sagittal flexion and extention (Fig. 42 )#
Twelve subjects participated, all being males between 19 and 
47 years of age* The first six subjects performed each lift once 
only, the last six subject also performed each lift once only with 
the exception that for straight full stoop lifting, with 15 and 25 Kg* 
weights, they carried out series of five lifts*.
2) Straight Full Stoop and Full Flexed Knee Lifting 
Figs* 41 & 43
Each subject lifted loads of 15 and 25 Kg* three times from 
the ground to 0.42, 1.11 and 1*53 metre heights respectively# Two 
postures were adopted. Firstly, the subject carried out a straight 
full stoop lift (see 1 above)* In the other method, full flexed 
knee lifting, the pallet was placed in front of the subject and the
F ig . 41 Sequence showing the fu ll stoop l i f t in g  manoeuvre fro m
ground leve l to 1.11 M . w ith  a loaded p a lle t of 15 Kg.
F ig . 42 Sequence showing the fu l l  la te ra l stoop l i f t in g  manoeuvre
fro m  ground leve l to 1.11 M . w ith  a loaded p a lle t o f 15 Kg.
Fig.43 Sequence showing the fu ll knee l i f t in g  manoeuvre fro m
ground leve l to 1.11 M . w ith  a loaded p a lle t of 15 Kg.
lift required the trunk to be held in a more vertical position 
with the knees flexed (Fig* 43)*
Each subject also performed lifts with 3 KG* once from ground 
to 0*42, 1*11 and 1*53 metre heights respectively using both 
techniques* The observation, together with the first of the 
threes repetitions for 15 and 25 Kg*, formed a separate analysis 
for use in supplementing the main analysis.
Seven subjects participated, all being males between 19 and 
27 years of age*
3) Straight Semi Stoop and Semi Flexed Knee Lifting 
Figs* 44 & 45
Each subject lifted loads of 15 and 25 Kg* three times from 
0*42 to 1*11 and 1*53 metre heights respectively* Two postures 
were adopted* They were basically the same as those used previously 
(see 2 above), except that the load weight was lifted from a 0*42 
metre level as opposed to ground level* Firstly, the subject 
carried out a straight semi stoop lift in which the load pallet 
was directly in front of him on the 0*42 metre level of the speed- 
frame structure (Fig* 44 ) with this manoeuvre the legs were kept 
relatively straight and the trunk flexed. In the other mOfhod, 
semi flexed knee lifting, the load pallet was placed on a pedestal 
0*42 metre high and 0*8 metres away from the placement levels*
The lift was performed in a semi flexed knee posture with the trunk 
held in a more vertical position. (Fig* 45 ). The semi flexed knee 
lift also required rotation, as the load had to be carried through 
180 degrees, before final placement could be achieved. Limitations 
of laboratory arrangement prevented the rise of a semi flexed knee
F ig .44 Sequence showing the sem i-s toop  l i f t in g  manoeuvre fro m
0.42 to 1.11 M . w ith  a loaded p a lle t of 15Kg.
F ig .45 Sequence showing the sem i-knee l i f t in g  manoeuvre fro m
0. 42 - 1.11 M. w ith  a loaded p a lle t of 15 Kg.
lift without spinal rotation*
Five subjects participated, all being males between 19 and 
27 years of age*
4) Straight Full Stoop and Full Flexed Knee Lifting from 
ground level and Straight Semi Stoop and Semi Flexed 
Knee Lifting from 0*42 metres#
Each subject lifted loads of 15 and 25 Kg*, three times from:-
a)* ground level to 1*11 and 1*53 metre heights respectively and
b)* 0*42 metre level to 1.11 and 1.55 metre height respectively 
Two postures irere adopted for each of the starting levels:
a). Straight full stoop and full flexed knee lifting (see 2, 
figs. 41 & 43 )*
b). Straight semi stoop and semi flexed knee lifting (see 
3f figs. 44 & 45)*
Five subjects participated, all being males between 19 and 
51 years of age*
ii) Detailed description
a )  Laterals Full Stoop Lifting: (Fig. 42 )
The load pallet was centrally positioned to the. left side of 
the subject such that its outer edge was 0*9 m away from the base 
of the height levels* The subject stood facing the camera midway 
between the load pallet and the height levels with feet 20 cm. apart* 
The subjects were asked to stoop and laterally rotate the trunk 
from an upright relaxed, eyes front position, with as minimum of a 
knees bend as possible, and to grip the pallet handles. All 
subjects found it necessary to flex the knees slightly and also 
outwardly to rotate the left leg. The subjects were asked to
grip the pallet with the arms hanging from the shoulders* From 
this laterally stooped position with the load pallet gripped in the 
hands the subjects were asked to extend the trunk and to lift and 
place the load onto one of the height levels# Once the weight 
had been lifted to the required level the subject rested whilst the 
load was repositioned by the experimenter in readiness for the 
next lift.
B) Straight Full Stoop Lifting (Fig. 41 )
The load pallet was centrally positioned in front of the 
subject with its near edge 10 cm away from the base of the height 
levels. The subject stood facing the height levels with feet 
20 cm apart and the toes 15 cm behind the rear edge of the pallet. 
The subjects were asked to stoop from an upright relaxed, eyes 
front position without bending the knees, and grip the pallet 
handles with the arms hanging from the shoulders. Some subjects 
found it necessary to flex the knees slightly. From this stooping 
position with the load pallet gripped in the hands, the subjects 
were asked to extend the trunk and to lift and place the load onto 
one of the height levels. The subject was instructed to take a 
short step forwards during the temsistion between load lift and 
placement phases*
C) Straight Full Flexed Knee Lifting (Fig* 43 )
The load pallet was positioned as for B). The subject stood 
facing the height levels with feet 20 cms. apart. The foot of the 
preferred leg was positioned alongside the load whilst the other 
was 15 cm behind the rear edge of the pallet. The subjects were 
asked to flex the knees from an upright position and grip the
pallet handles with the arms hanging from the shoulders. The 
trunk was held in a more vertical position* From this position, 
the subjects were asked to extend the legs and to lift and place 
the load onto one of the height levels. The subject was instructed 
to take a short step forwards with the non-preferred leg during 
the transition between load lift and placement phases.
D) ’ Straight Semi Stoop Lifting (Fig. 44 )
The load was positioned overhanging the,edge of the 0.42 metre 
level directly in front of the subject. The subject stood facing 
the height levels with feet 20 cm apart and the toes 15 cm behind 
the near edge of the pallet. The subjects were asked to stoop 
from an upright relaxed, eyes front position without flexing the ' 
kneeds and grip the pallet handles. In this position the subjects
were unable to hang the aims from the shoulder due to the constraints
loj
imposed rhe upper speedframe structure. From this semi stooped
k
position with the load pallet gripped in the hands the subjects were 
asked to extend the trunk and to lift and place the load onto one 
of the height levels above. The subject was instructed to step 
forwards during the transition between load lift and placement 
phases.
E) Semi Flexed Knee Lifting (Fig. 45 )
The load was positioned directly in front of the subject on 
a pedestal 0.42 metre high and 0.8 metres away from the placement 
levels. The subject stood with his back to the height levels with 
feet 20 cm apart. The foot of the preferred leg was positioned 
alongside the pedestal whilst the other was 15 cm behind the rear
edge of its base# The subjects were asked to flex the knees from 
an upright position and grip the pallet handles with the arms 
hanging from the shoulders# The trunk was held in a more vertical 
position# From this position, the subjects were asked to extend the 
legs and lift the load# As this proceeded the subject was also 
asked to turn through 180 degrees by pivoting on the rear foot*
This was followed immediately by a short step forward and the 
placement of the weight at the required height level#
In all lifts for all positions, the subjects were asked to 
perform each task smoothly from the command1 lift, * given with the 
subject standing erect, (fig# 46) to the command *relax* after 
load placement# Very fast or very slow lifts were forbidden#
In all the lifting techniques it was emphasised that the 
start of the lift should be initiated by movement of the trunk 
in the case of stoop lifts or by movements of the legs in the case 
of knee lifts, and that only after this should flexion of the 
elbows be used in the lift#
h
To avoid excessive leapingjeffects during the experimental 
runs, the subjects had a complete practice session several days 
prior to the experimental session* They also were asked to warm 
themselves up during the experimental session by repeating a selected 
number of lifting techniques several times* This also enabled the 
experimenter to observe that the techniques used were correct# 
Finally, before each lift, the subject was allowed to assess the 
weight to be lifted#
F ig .46 View of the laboratory apparatus with the subject waiting 
for the command to fl i f tT.
3). MALYTICAL :
a* Intra-abdominal pressure* Fig* 47
In assessing the results of the intra-abdominal pressure 
curves, the method used by Davis (1959 a) was adopted. In this, 
the pressure change for each lift was divided into two parts, 
the initial large increase (the Snatch pressure) associated with 
overcoming the inertia of the load, and the smaller sustained 
overpressure (the sustained pressure) which accompanied the 
maintainence of the lift against gravity. The second measure
was not used as the lifts here did not require the holding of the
weight against gravity but did instead require the load to be 
moved away from the body and placed down. This gave rise to a 
second peak pressure which was smaller than the snatch pressure*
An indication of the overall stress on the trunic was given 
by the mean pressure rise as determined by planimetry multiplied 
by the duration of the pressure (Davis and Troup 1966).
The area under the intra-abdominal pressure curve for the 
duration of the lift, as defined by the event marker, was deter­
mined by planimetry. The following procedure was used.
i) The sero base line of the intra-abdominal pressure record
was ruled using a pen. The load lift and placement marks, as
defined by the event marker, were then extended through the pressure 
curve and base line* 1/hen constructed, these lines together with 
the base line and pressure curve defined an area which was represent­
ative of the mean pressure sustained during the lift phase multi­
plied by the duration of the pressure (the time of lift)*
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FIG.47 INTRA-ABDOMINAL PRESSURE RECORD OF SUBJECT 
LIFTING A LOAD OF ' 25 Kg FROM GROUND LEVEL TO 
1.11 m. USING THE STRAIGHT FULL STOOP TECHNIQUE.
“  120
T
I l i i
0 1 2 3
TIME, SECONDS.
A) 1st PEAK PRESSURE
=  160 mm.Hg.
B) 2nd PEAK PRESSURE *
=  94 tnm.Hg.
C) MEAN PRESSURE
=  95 mm.Hg.
D) PRESSURE QUOTIENT
(MEAN PRESSURE X TIME OF LIFT)
=  1 7 0 .9  m m .H g .sec .
it) fh© Staiiloy AXXtoit fin id Indes plsmiiseiox* tf&s sot up 
as torn in £%• 39 * fke jol® mm m& approxtetoly at rl^ hfc
an loo to the traoei'::?.!^. 'and the m^nifior tracer positioned at 
the Intersection-of trnec llna end ©no of iho- load riowiaont liaoa* 
did) • Saying act tip'the tots m& positioned, to 
ssipiifier tracer at a defined start a j poirt, to ccr© on the- 
m&suring tSteoX was set* fkis area don© by holding; to tracer with 
t o  hand to keep it on the defined oiartoy point and using to 
;etor feaad to p m m  t * roXoas© t o  sore netting plunger# It %ias 
mcesaary tilth this o oration to raicso the caitrloco off t&e po$G?#
If on ropiacci ent$ the aoro of to ©toting dial mid to dxrtm d M  
not rera&u exactly at sore# fine ■ i^sts at i«as made by yery i&igfcfc.
saovenonts of t o  polo weight*
. Itr) Once ealihratod the ar®& t^f .©d by.to 'too Xto# 
load ncrvx-ooni lines and pafewmo ©urtc.tr&a to-cti rotmd -carefully 
In O' oloclodoo direction l>y stoat*© of tl or tra eer fimUdng
at t o  statiny point* Shis m e  Tepoetod'tea ttos end the® ©on*- 
tinned txntiX tin- fiaX rurkor r‘cy.h ierc£ an err t dlvielcm.ai the 
storting ftoi* She nvr.bcr of $%&$& diviciono m  the dial eornfcr 
divided. ty to ntcbsr of rovoitxtion© gpxv© to imtor of ditdeta® 
per moo e iu4 aortocl* fhia wmhm miltipliod by $4*$?* the 
omlitemtion figure roiuoototo t o  area- in m  * oirOBsisorlboS 
by m m  rnnll division of .to dial# gov© the area imior to* pr^Moaro 
•ousw for to duration of the lift in esnere militotos*
v) fliie area divided by the .duration of the lift Inim 
gave the m m  height* in ms# of t o  prosrnxr© eurm» ©tie mtltipXlod 
by the calibration footer of to radio, pill gave mu® prosB'uro abus-: 
iainod 'during the lifting sequence*
vij The mean pressure rise multiplied by the duration of 
pressure in seconds gave the pressure-time product (pressure quotient)
Summary, -
Prom the intra-abdominal pressure curve the following measure­
ments were taken:-
1. 1st* peak pressure occuring at the onset of each lift 
(the snatch pressure)* This gave an index of maximum trunk stress*
2* 2nd. peak pressure securing at the end of .each lift just 
prior to putting the load down (the placement stress)*
3* The area under the intra-abdominal pressure curve for 
the duration of the lift was determined by planimetry. Thisarca 
divided by the time of lift gave the mean pressure sustained 
during the lift. This is an index of mean trunk stress.
4« The mean pressure rise multiplied by the duration of 
the pressure gaye the pressure quotient* This gave an indication 
of overall trunk stress*
b* Film Analysis#
Standard 8 mm# cine pictures were projected by either an 
Ilford Elmo projector with a manual transport single frame facility 
or by a Speoto Motion Analysis Projector Mark II with a micro- 
switch single frame transport system, onto a mirror mounted at 45 
degrees over the analysing surface fcg.e fig. 38). The projector 
was then adjusted such that the calibrations of the backboard in 
the image were exactly 1 cm. apart in the horizontal and vertical 
planes.
The film record of the lifting activities was stopped at the 
frame which showed the start of each lift, that is the frame which 
showed the load micro-switch relay circuit bulb to be on* The 
film was then transported back one frame and the single frame 
analysis started by drawing onto paper every other frame for each 
lift* From each sheet the following dimensions were taken (Fig* 48 
& 49)• 1-
I)* Load height (h)
II)* Trunk inclination as measured by the angle between the 
line connecting the bases of spinal markers on Lj~ and T^ , and the 
horiaontal
III)* Lumbar flexion/extension as measured by the angle be­
tween the spinal markers on L^ and T ^  (h).
I?)# Clock hand and light for film synchronisation (t )*
This process was repeated for alternative frames i.e. 0.2 
second intervals, until the load reached the final level. This 
information was then plotted graphically against time (Fig. 50 ) 
and then the synchronous records of intra-abdominal pressure 
added (Fig.51 )*
In all cases the first frame was fully labelled with the sub­
jects number, lift weight, posture adopted, the number of the 
repetition, the height of the lift and finally the frame number*
Each subsequent sheet of a stapled block was provided with a frame 
number only.
The distance travelled by the load in the first 0*6 second, 
the period of peak truncal stress, was recorded and mean acceleration 
and mean force, applied to the load for the period calculated*
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The lumbar angle change and trunk Inclination change was also 
noted for the first 0*6 seconds of the lift.
In later experiments, the method was modified to reduce the 
processing time by only using the first and sixth frames of a 
lift* This gave all the information required but took only one 
third of the previous processing time*
The above procedures were applied to all symmetrical lifting 
techniques! that is, straight full stoop liftingf straight semi 
stoop lifting and straight full flexed knee lifting* For manoeuvres 
that involved rotation, that is, lateral full stoop lifting and 
semi flexed knee lifting, only load height was considered,
c, Load Acceleration,
In addition to the calculation of mean acceleration■of the 
load from the film analysis, a small calibrated accelerometer 
secured to the load allowed a determination of the vertical peak 
acceleration applied to the load* Three results are shown in fig* 52 
obtained from three straight full stoop lifts of 15 Eg, to the 1*11 m* 
height level*
Each accelerometer record consisted of an initial large 
deflection coincident with the load lift ‘off* and was indicative 
of load acceleration, a period of reduced acceleration as the 
load reached constant velocity, and a final period of marked de­
acceleration as the load was steadied in readiness for placement*
The maximum deflection coincident with load lift loffl was 
recorded in mm* for each lift* This was multiplied by a cali­
bration factor to give peak acceleration in metres per second
f i g : 52
'on'"'
o f f 1
/
'on1
'o f f
y
Load
'on '
Load
' o f f
G >
/s' ■
s=r
13mm
C alib ra tio n
30mm/G ?
C a l. Factor = 0.118m/sec /mm
Paper speed 12.5mm/sec
squared* This was then multiplied by the weight lifted in Kg* to 
give the peak force applied to the load at the onset of the lift 
expressed in newtons*
d* Stastical Analysis*
For Statistical purposes an analysis of variance of the 
dependent variables was performed on an I.C.L. 1905 F computer 
using a programme given by Sokal and Kohlf (1969) so that the 
principle factors contributing to trunk stresses could be 
identified* '
This allowed a simultaneous determination of the effects on 
the dependent variables of the independent treatmentsf that is the 
effects of height# weight and technique of lift together with the 
effects of repeating lifts and individual variation*
The dependent variables examined were as followss-
(I) Pressure Changes
1* 1st peak intra-abdominal pressure 
2* 2nd peak intra-abdominal pressure 
5* Mean intra-abdominal pressure 
4* Pressure Quotient*
(II) Acceleration & Force Changes
5* Mean acceleration during the first 0.6 seconds of the lift*
6* Mean force during the first 0.6 seconds of the lift*
7* Peak acceleration during the first fraction of the lift.
I '
8* Peak force during the first fraction of the lift*
(ill) Time Changes
9* Time of lift*
(IV) Postural Changes of the Spine
10* Trunk inclination change during the first 0.6 seconds 
of the lift*
11* Lumbar angle change during the first 0*6 seconds of the lift*
All the data ijhs transferred to punch cards and presented as 
shown in fig* 53 • In the example given the fastest changing 
variable is individuals followed by height, weight and technique of 
lift*
The output was composed of the various sources of variation 
A, B, C etc*, their sums of squares, degrees of freedom, and mean 
squares* The fastest changing variable was always identified as 
A (Fig* 54 ). -
2
By definition F = Sot
S 0 *
= variation between treatments
residual or unexplained variation
The residual variation used throughout the analysis was defined 
as the sum of all second, third and fourth order interactions 
divided by their degrees of freedom*
The variance allocated to each source of variation was divided 
by the residual variance to give an F value* These were compared 
with Standard F. tables for the appropriate degrees of freedom 
and significance or non-significance noted. All the results quoted 
were significant at the 0*001 level unless otherwise stated*
F ig .  53 D a ta  C ard  Fo rm at
Card No. H t. Wt. Tech.
1 n re s u lts . One from each su b jec t. 1 3 F.S .
2 2 3 F .S .
3 3 3 F .S .
4 1 15 F.S .
5 ,, 2 15 F.S .
6 3 15 F .S .
7 1 25 F.S .
8 2 25 F .S .
9 3 25 F .S .
10 . . 1 3 L.S .
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4)‘ RESULTS .
A) Observed Lifting Methods
1) Straight Full Stoop and Lateral Fall Stoop Lifting
Twelve subjects participated,-all-being males between-19 and 47
years of age. The first six subjects performed each lift to each 
height onee only (18 lifts in 45 min.). The last six also performed 
each lift to each height once only with the exception that for full 
stoop lifting, with 15 and 25 Kg. weights, they carried out a series 
of five lifts to each height (42 lifts in 1-J- hours). The lifting 
order in terms of height, weight and technique of lift was randomised.
Two days before the experimental run, each subject had a complete 
practice session lifting all weights to each height using each lifting 
technique. Immediately prior to the experimental run, they were asked 
to warm up by repeating a selected number of lifts several times 
( minimum-of-10-lifts)-. - Thid enabled the- experimentsrtto-observe-that- 
the techniques used were correct.
The mean values obtained for single lifts using each technique are 
shown in Table 33. These were used for themmain AITOVA. The mean results 
shown in Table 34 were for repetitive full stoop lifting only and were 
used as a supplementary analysis to that above.
The graphs presented show means plus or minus one standard error.
4) RESULTS
The full results for all experiments are shown in Appendix I# 
In tliis section mean values are considered in Tables 33 to 38 » 
and graph form (figs. 57 tol41 ). Wherever a difference is 
quoted* it is significant at the 0.001 level or better unless
.otherwise stated. As will- be seen the standard errors are in some
instances large, indicating individual variation, but the results 
in general for a given lifting activity showed good consistency.
A) Observed Lifting Methods
l) Straight Full Stoop and Lateral Full Stoop Lifting
Analysis ofvariance for:-
i) Individuals (12 unless otherwise stated)
ii) Height (0.42 (i)* 1*11 (ii), and 1.53 (iii) metres)
iii) Weight (3* 15 and 25 Kg.)
iv) Technique (Straight Pull Stoop Lifting (F.S.) and 
Lateral Pull Stoop Lifting(L*S.) )*
PRESSURE CHANGES
l) 1st weak intra-abdominal -pressure Flgg- . 5X& 58 ,
Peak intra-abdominal pressure was in general greater when 
using the lateral full stoop lift than when straight full stoop 
lifting. Peak pressure increased with increasing height and weight 
of lift for both techniques.
The increase in 1st peak pressure observed with simultaneous 
increase in height and weight of lift was significantly greater 
(p^ 0.005) than the sum of the increases observed when the txfO 
factors were changed indpendently.
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F ig .55 Sequence showing the fu ll stoop l i f t in g  manoeuvre fro m
ground leve l to 1.11 M . w ith  a loaded p a lle t of 15 Kg.
F ig  .56 Sequence showing the fu ll la te ra l stoop l if t in g  manoeuvre
fro m  ground leve l to 0. 42M. w ith  a loaded pa lle t o f 15 Kg.
-The increase-with increasing load was greater when using the 
straight full stoop lift than when using the lateral' full stoop ■ 
m t  {p < 0.005),
2) 3ni paafc intra-aMoalHal pressure (placeaent stress) Figs 59 6 60 
2nd peak intra-aMomiaaX prosou.ro was in general' greater ^ when
using the lateral full stoop lift than when straight full stoop 
lifting* 2nd peel: pressure increased with increasing weight of 
lift in both eases* Height lifted had no effect, niton considering 
single lifts| but for 'repetitive straight full stoop lifting with 
heavy loads the 2nd peak pressure increased with increasing lift, 
height*'
The increase in 2nd peal: pressure observed with sicmitaneous 
increase in height and tfeight of lift m &  significantly loss (p < 0*01) 
than the & m  of the increases observed.when.the tuo factors were 
changed independently,
' Tho differences between techniques was reduced by increased 
height of lift,
3) Kean intra~abdomlnnl ...pressure (moan trunk stress)' Fig^: 61 and 62 
Horn intra-abdoninal pressure was in general greater when/
using the. lateral full.stoop lift than when straight .full stoop 
lifting. Kean pressure increased with increasing height and weight 
of lift in both cases*
.flie increase in noon pressure observed with simultaneous ' 
increase in height and weight of lift was significantly greater (p^ 0*05) 
than the sun of the increases observed the two factors were 
changed independently.
flic increase with increasing load was greater when using the 
lateral full stoop lift than when straight full stoop lifting* ■
1»»
aMent (overall etS'ess) Figs 65 / and 64
Pressure quotient was in general greater when lining the lateral •: 
full stoop mnoetm*e ■ than vlim straight full stoop lifting. Pressure. 
quotient increased with increasing -'height -and weight of lift for •. 
both. techniques* ■ ■
2ho increase in pressure qnotiont ohoervod'uith siaultoneouo 
increase in height and irsight of'lift was' significantly greater than' 
the m m  of the increases .observed ulien the two factors were changed, 
independently*
ihe increase with increasing load was grantor when using the 
lateral full.stoop lift than when straight' full stoop lifting*
rtny •*r r?r * /* s t v t W f  i\ m *  * 7 *•» ni i i *  \/ v i i»*« i
tn& .the, first 0.6 sec onus of the lift 
(XX subjects) Figs*- 65and66 •
Mom acceleration -of the load during the first 0*6 hoc*- of
the lift m s  in general greater when using the straight full stoop
lift than niton lateral full stoop lifting* Hean acceleration in- 
creased, with .increasing height of lift* - . •
Load M d  no effect on m m  acceleration and the increase with
lift height vm  independent of the load lifted.
2) Fean force during the first 0.6 seconds of the lift (ll subjects)
Figs. 67 and68
Uean force applied to the load during the first 0*6 sec*'of the 
lift was in general greater when using the straight .full stoop lift 
than T?hen lateral full stoop lifting (p v  O*0l)* Hoan force in- 
crossed with increasing height and weight of lift for both teclinlquss*
She increase in mean ferae observed with simultaneous increase r 
in height and weight of lift was significantly greater than the sum 
of the increases observed liien the'.two factors were changed indepon-* 
doiitlyv
3) . Peak •acceleration during the first"fraction of the lift 
(8 subjects) Figs* 69 fendt^ O
Peak acceleration of the load'.mis. in general greater when 
using the straight full stoop lift than when lateral full stoop 
lifting (p < 0.*0l)*.. Peak acceleration increased with increasing . 
height of lift for both techniques' (p < 0*dl).*» Height had no 
effect but' for repetitive straight .full stoop lifting with hoary 
loads peak acceleration decreased with increasing load weight*
4} Peak ;iOrce:,durins..:.tlie first fraction of ■ the, lift (©subjects) 
figs* 71 and 72
Peak force applied to the load was in general greater when • 
using the straight full stoop lift than when lateral full stoop 
lifting (p < 0*025) r Peak force increased, idih increasing height' 
and weight of lift in both cases*’ .
flic increase in peak force observed with simultaneous increase 
in height and weight- of lift was significantly greater than the ■ 
sun of the increases observed when -the two - factors were changed 
independently*.
ihc increase with increasing load i-ras greater when using the 
straight full stoop lift than whoa lateral full stoop lifting-
(p <  0,05).
s s M j m i m
fine of lift Pigo.75>nd 74
fime of lift was in general greater when using the lateral 
full stoop lift than 'when- straight full stoop lifting* , lime ■ 
increased with increasing height of lift in both cases, height had 
no effect when •considering single lifts, but for repetitive • straight 
full stoop lifting'.with heavy loads'time of lift increased with 
increasing load weight*
. fhe differences in time between techniques, was reduced with 
incroasirtg lift height.:
for Straight full stoop lifting only* 
•l) g^L.iiwIiaatlon .cSissifie itetaeiJte .first 0.6 necpnas pf the. 
lift (11 o«l)jocte) Fie, 75
frank inclination change for straight full stoop lifting, in- •' 
creased with increasing height lifted and decreased with increasing 
load weight.
Tne effects of lift height and load freight on trunk inclination 
change were independent *
2) Iiuftbar. angle, change ..during the first .0*6 seconds of. .the lift ■ 
(ll subjects) Pig* 76
lumbar angle change, for straight full stoop lifting, increased 
with increasing height lifted and decreased with increasing load 
weight*
The effects of lift height and load weight on lumbar angle 
change were independent*
Fi
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Discussion
= flio- form of the pressure changes observed followed a common 
pattern regardless of the posture though the "values differed In 
magnitude# She pattern consisted of m  abrupt rise'in pressure 
associated Kith'overcoming the inertia of the load' (let peak, 
pressure),a rapid fall to a mine roll above the resting treasure 
while the weight travelled upwards at constant velocity* another- 
less abrupt rise as the load was o\c4 away from the trunk for 
.placement (2nd peal: pressure)* and .a return to the resting level - 
when the load was put down* The first and last phases are eon-, 
sisfcant with those reported by Davis (1956* 1957)| Davie and Troup 
(1964 a, b ); Barielink (1957) and 'Sasaki (1969)* The middle two 
phases were not observed by these authors,as in all cases lifting 
was associated with an up, hold against gravity and a down move­
ment from the ground* Kumar* s (l97l) manoeuvres consisted of a 
lift onto & table followed by a lift from the table to ground level, 
and the pattern of-pressure changes are consistent with those ob­
served in this investigation* ■
The magnitude of peak intra-abdominal ■ pressures observed during 
lateral stoop and straight full stoop lifting averaged 112*7 and 
110 ism Hg respectively when lifting the heaviest weight (25 Eg*)* 
to, the'highest lift height (l*55 m)* iliilst direct comparison^ 
with other studies reported in the literature is difficult* those 
results are in general agreement with the pressures obtained by 
Davis (1956* 1957)5 Baftelink (1957)I Davis and Troup <1954 a)5 
Sasaki {1969)I Bie and Weiffi (1562); Morale, Lucas and Brosler (l96l) 
and Kusar <lS7l). \
The results show that-both of the lifting techniques ob­
served in the construction industry*' that is, straight full stoop’ 
cad. lateral full stoop lifting manoeuvres involving axial rotation 
of the truhk, induced high peak u mmx intra-abdominal pressures ' ■ 
indicating largo truncal stresses .over' the height and weight ranges 
used (slights of 3* 15 and 23 %• to heights of 0*42, 1*11 and
1*55 metros from ground level)* Xtims equally' clear that the ' '
stresses encountered in -the lateral full stoop lifts wore 15-257“ 
higher than in the ■ straight full stoop lift* tlieiincrease being 
greatest when .lifting the heaviest weight to the highest - height of 
lift.*/
That the stresses observed u.n lateral full stoop lifting were '
significantly greater than ‘ those encountered in straight. full
stoop lifting which has been shorn to expose the trunk to maximum, • 
•Irnssrd (Davis, 19591 Davis and Troup, 1$64 ; Davis a M  Jackson,' 1962J 
Ilachemson and Horris, ^ 1965, 2964?. Ifaehemsoix, 1965, 1966, and 
llachemson and Elfstros,.1970* )'reinforces Glovers- (I960) observations 
that 3 %  of back:injuries i n . the engineering -industry involved• axial 
rotation ■ of the trunk of which 75J • occurred' when lifting#
: The inference of largo truncal stresses from .the observed 
Midi peak end mean' Intra^abdcainal pressure is based on the work of 
Davis, Troup and tJfcitnoy (1966) • who obtained correlations between 
the two factors of the order of 0*70*. Based on this evidence, 
they -suggested that intra-abdominal pressure increases can bo used - 
during physical activity to assess the relative magnitudes' of trunk 
stresses in subjects performing different worldng manoeuvres*
The observation that peak and mean intra-aMcminal pressure 
increases' with increasing 'load weight* confxmm the observations of 
Bawls (1956* 1957, -1959, s) $ Bavis -and Ti?ouj>'; (1964 a, b); Harris,
U m m  and Bresler (l95l)j Sasaki (1969) and i:umar(l9?l)* It is 
also noted that intra-abdominal pressure increases with increas­
ing height of lift and further that simultaneous 'increases in
Might and weight of lift disproportionately exaggerate in-
fs«se -ft
creases in.peak intra-abdominal pressure.A These .results have not 
boon reported in the literature an&iio' previous -investigations 
have been .conducted on truncal stresses' la ••which both height and 
weight of lift were considered simultaneously. Whilst the increases 
in peak'intra-abdomiiial .pressure arising from height of lift are 
clearly secondary to those observed-which arise from weight of 
lift, the height factor and the. height and'weight of lift interactions 
are. clearly important, and must be added to any list from which 
estimates are made as to the magnitude of truncal stresses en­
countered when lifting* ■
The mean pressure multiplied by the . duration of the pressure 
(pressure quotient, Baris and Troup, 1966) 'gives m  indication, 
of overall truncal stress* This varied from individual to individual, 
but was consistent for a gives subject repeating a given task#
There was little difference in pressure quotient between the tiro 
techniques with the lighter load over the. height ranges, but with 
increasing load weight the, difference became significantly .marked 
showing the lateral full stoop lifting manoeuvre to bo more stress­
ful* As with peak intra-abdominal pressure,, the observed pressure
quotient increases with simultaneous increases in height ■ uni 
weight of lift wore greater than the sum of the increases whoa the 
two-factors were changed dn&ej^ndently> If Was -also noted'that 
the increase in -pressure• quotient with increasing load was. greater, 
when using the lateral full stoop lift than when straight full stoop 
lifting* Ehia is the reverse the observations _ made for 1st peak 
intra-ahdoninal pressure* where the effect -bf -increasing load was 
.greater for straights- full stoop Ilf tar * A uV It would appear 
that as the load weight increases' the increase in peak truncal 
stresses is greatest • in straight full stoop lifting and the in* 
'Crease in overall truncal stresses is greatest in lateral full 
stoop lifting*
The placement stresses observed (2nd peak pressure) were greater
using the lateral full stoop lift than .rhea. straight full stoop
lifting* Shis may be explained by the ''observation-. that in the
straight full stoop lift the load was held .• closer to the trunk at
the
placement* thereby reducing f®^  forward 1lexer force on the trunk*
In lateral full stoop lifting. the fleicor force on the trunk was 
greater because placement was observed to be slightly in advance of' 
the rear foot moving towards the lift heights* This resulted in 
the load having to be moved away from the, trunk by partially 
extmding'. ihe amaP to position the load* . It .was noted however* 
that the ''differences between tselmiqucs- was reduced by increased 
height of lift* ■ fills suggests that the higher the lift the more 
uniform the final placement =posture is Irrespective of the actual 
lifting technique initicily*
The mean and peak accelerations applied to the load were 
.greater when using' the.straight full stoop lift than whoa lateral 
full'stoop lifting* Bespite-this* the truncal stresses observed 
when using the straight full stoop lift were significantly, less 
than those encountered when lateral .full stoop lifting* Bavis* 
(l959 a# b)| Horrisy Imcas and Brosler* (l96X)f and Davis and 
Troup (1964* 1966) have all noted acceleration of the load as 
hoing a contributory factor'to the magnitude of truncal stresses* ' 
This apparent divergence with thb reported literature may be ex-' 
plained by the. fact that ■■vertical acceleration only was measured 
and in the lateral full stoop manoeuvre a large component of the • 
total acceleration was in the horizontal plane*
The mean and peal: accelerations observed in this series are 
consistent with the approximations made by Davis Troup and Barnard 
(1965) who noted values of *£- G* for lighter weights and *<r G when 
lifting' heavier tfolghfs for all lifting methods* In the present 
series using a similar cine analysis method to that of Davis 
et..,al '(l96S)* the approxiraations for mean acceleration were on 
average lower than the peal-: accelerations determined using 
an accelerometer* She exception to this was for lifts to :the 
lowest height level (0*42 m)tikere the results were on average 3 0  
lower than the peak accelerations observed* Shis nay bo' .accounted 
for by the observation that the accelerative phase when lifting 
to the lowest level was of a shorter duration than the time in­
terval (0*6s) used to determine noan acceleration thus resulting 
in an underestimation of the parameter# when lifting to higher 
height levels (l.ll and 1*93 n)-# the accelerative phase was approx-*
imiely equal to the time interval and lienee the man acceleration^ ! 
for those- hei|#itc ic more- .in accord with those Honoured directly- 
using an accelerometer*
fixe observation that peak acceleration ■ decmaooa t/itk in­
creasing load is in agresaent with the results of Davis, Traap and ;• 
Barnard (1965)* It van further noted that and peak 
acceleration increased tilth increasing lift height* This' Is to bo 
. ozpeoted m  when faced with a higher lift, a subject will put none 
effort into the lift than for one to .a; lover level* It -was 
noted during ca^sual observation that if a subject ,m& ashed to 
lift to '0*42 setros end then during the lift asked to' continue- 
higher to the 1*55 mire height an additional accelerative phase 
had to be added to accomplish the task*'
The forces applied to the load, both Keen and peak, were &i@* 
niflea&ily greater when using tho straight full stoop lift than 
when lateral full stoop lifting* Further, the forces applied' 
iiioreasod with increasing height and weight of lift for both 
techniques• In. both stoop lifting techniques the forces required 
•to overcome' load inertia are produced by. act ion of the hip extensors' 
(Penslotf and •Cntensobn, 196?)* Also Floyd-and Silver (1955) have 
demonstrated that as subjects approach full flexion, the erector 
apime muscles become eloctromyographically silent* Even when 
lifting weights of 13 'Kg* from the stooped straight logged posture 
they found that the erector cpinae remained client until the* weight 
had been raised from floor to Imoo level*-
Hhen. lateral imd full stoop lifting, the* trunk is exposed to. 
large flexor forces imposed by the effect of gravity on the upper 
part of the body and on the weight held in the .hand, and by the 
additional force needed to overcome their collective Inertia during 
the accelerative phase*■ In this period of peak truncal stress tho 
flexor forces acting on the trunk arc, opposed by the pressure- 
mechanism, the 'posterior spinal ligaments, some mocular component and 
by compression. of the vertebral bodies and discs*' Eaehctnson and • 
Slfstroa {1970) have shotm !?<$ increases in Intradiscal"loads 
When lifting by bonding tho back alone* Davis {1999); Davis and 
Troup (1964 a);. Davis and Jackson (1962)$ Bsohemson and Kerris 
(1969, 1964)' 'and llaehemon- (1965# 1966)' all note that lifting' 
with tho - trunk in a stooped -or forwardly .inclined posture induces . 
very largo stresses in the supportive structures of the trunk*-
■ Clearlyi therefore, very large stresses, are being sustained 
In the early accelerative phases of lateral and straight full stoop 
lifting* Further, while -the extensors, of the-hip are powerful*" 
they are at a'mechanical disadvantage in both stooped manoeuvres 
ixi relation to' their action with the trunk erect and lower limbs 
flexed* .
Davie# Troup and Barnard (i960) noted that lifts took loiter 
with 20 Kg* than when the pallet was unladen*' Tills-agrees with the 
observations In the present investigation when for repetitive 
straight full stoop lifting with heavy loads time of lift increased 
with Increasing load weight* Time of lift was also noted to be 
greater when using tho lateral full stoop lift than when straight 
full stoop lifting* Further# time increased with Increasing hei$it 
Of lift in both casco* It is apparent in this investigation that
the greater time taken in- the heavy lifts .-and in lateral full 
stoop lifting is -duo to .the slower rates- of acceleration of the 
weight* That higher lifts took a greater time may he accounted 
for by the' .observation that tho phases of constant v e l o c i t y  for a 
given weight ware longer for the helgiiosh lift height than-when-. . 
lifting to the 0*42 n level*
The trunk inclination and lumbar angle changes ao measured 
usingpointers "as described-by Flint (1963)* for strai^it full 
stoop lifting showed interesting variation -Tilth lift 'height and 
load weight during the period of peak truncal ..stress? i*e* the 
first 0*6 seconds of the lift* A similar analysis for lateral 
full stoop lifting was not completed'as this manoeuvre contained 
a rotational component for-which no relatively easy analysis 
procedures are available* • - The trunk inclination change for - 
straight full stoop lifts increased 25h with mil increase in - 
lift height and decreased-12* with full increases in load weight 
Tho lumbar angle change increased ICO, with the full increase in 
lift height and decreased 25a with Increasing loads from 3*25 %•
. The decreased movement of the trunlc and lumbar spine with 
increasing load weight Is highly significant as it occurso' when the 
Inertia, both of the load lifted and that 'of the individual1 s tipper 
limbs and trunk is being overcome* At this time# with the trunk 
still in its stooping position, the compression forces exOrtod 
between lumbar vertebral bodies are Jiighj and as the peak accoler- ' 
ative phase of the lift coincides with the posture in which the
'Bplne I© under greatest stress# tho maximum'peaks of iniervetebral* c • • .A ‘ ■
OO&presnive forces are then most likely to arise.. Also# as noted 
previously, ■ Floyd and Silver (1953), have -shown that in the early ■ 
phase of stoop lifting the proctor spinas-aro. electroiaj^ graphicalXy 
silent. The present. investigation. ggiops that there is decreasing ' 
lumbar -movement with'Increasing load tmi#t • during this phase*
This reinforces the. observations -of Davis et jyh (1965) and Kumar 
(1971, 1973)f who note that ’Continuous extension of the lumbar 
spine is delayed in stoop lifting .although Davis (1965)
found no correlation between the • delay and the •©is© of the weight 
lifted-as observed by Imsior (l97l)* Both -authors suggest that .the ■ 
delay in onset of lumbar extension nay bo -a .mechanism whereby 
movement between .lumbar vetobrae Is avoided as long as high inter** 
vertebral -compression forces are present* 21ms, It would'seem that 
extension Is delayed until optimum .safety, is. assured# hence the 
heavier the weight# the greater the flexor forces on the trank and 
the longer the delay. The observation that overall trunk iacHoatiOB 
is also decreased during the period of -peak stress with increasing 
load weight reinforces this view*- '
Additional. support Is given by the observation of high intra* 
abdcminal pressure during the initial 'phase of lifting in the 
- present series* It supports the observations -of Davis# (1956#
1959 &#b )| Bartelinl: (l957)s -Korris et...al (l96l) who h&Ve' demon** 
etrated/an association between increases in intra-nbdominal pressure 
and lifting and have suggested further that there is a mechanical 
basis for the association* Thus, the findings that tho erector
spinas muscles arc apparently silentP and that there is reduced.
movement in the lusher spine with increasing load weight at the
onset of a lift strongly suggest that Intra^abdoninsl pressure 
Increases play,, a major part In stabilising- the spine daring this 
period, by resisting triad: flexion, and mitigating the intervsrtebral 
compression forces* It is however, noted/-by Davis (1959 h) that 
the appearance of anterior wall herniation-and of visceral prolapse 
is often associated with heavy wefght lifting and it is migrated 
from this series that whilst the appearmice'of Iiigh .peal-: Intra** 
abdominal, pressures in both lateral and .full stoop lifting say play *• 
a significant role in stabilising -the ophio dtndaig tho period of 
peak stress, it may also greatly increase the hasard of herniation* •
SmtMskim.
Of the two lifts studied during tho lifting of throe load 
weights to the throe lift heights# •. both straight full -stoop and 
lateral full stoop lifting manoeuvres produced largo truncal 
stresses. Ihilot the stresses in both manoeuvres were excessively 
high, the stresses were greater when using the lateral full stoop ■ 
lift than trhcn straight full stoop lifting. Further# whilst'It was 
noted that truncal stresses Increased with -increasing Ibid iieight ' 
it was also noted' that increasing lift height was an important 
truncal siressc: parameter. • la addition# it was observed that 
simultaneous increases in lift height and' !<kd weight disproportion^ 
abely exaggerated the truncal stress increases in both- lifting ' 
manoeuvres*
New Lifting Methods 
1) Straight Full Stoop and Full Flexed Knee Lifting
Seven subjects participated, all being males between 19 and 27 
years of age. Each subject lifted loads of 15 and 25 Kg. three times 
from the ground to 0.42, 1.11 and 1.53 metres using the two postures 
(for mean results see Table 35)• Each subject also performed lifts 
with 3 Kg. once from ground level to the three lift heights using both 
techniques (a total of 42 lifts in 1-J- hrs.) These observations, 
together with the first of the three replications for 15 and 25 Kg. 
formed a separate analysis for use in supplementing the main analysis. 
(For mean values see Table 36).
The lifting order was random for each subject and a practice 
session and ’warm up’ session completed prior to bach experimental 
sequence as described in the previous analysis (p 193a).
The graphs presented show means plus or minus one standard error.
B) lew Lifting Betho&s
l) .Straight Full Stoop and. Full Flexed ISnee Lifting
. . ,.JBUb l -55.. ft. 7 7..  '
- Analysis of variance {fcri*
i) Repetition (3 for weight© 15 and 25 %*)
ii) Hei^it (0*42 (f)# 1*11 (it) and 1*55 (ill) octree)
ill) : ' (15 and 25 Kg*)
iv) feclmlque (straight Full Stoop lifting (f«S«) and
Full Flexed Knee Lifting (WC*) ) 
v) Individuals (7 subjects)
FRBSStHm 0HAHQSS
1) 1st peak intra-abdomirxal pressure Figs*78 and 79'
Peal: intra-abdominal pressure, was in general greater for 
heavier loads when using the straight full stoop lift than when 
full knee lifting* When considering single-lifts with all three 
load weights no significant difference was observed' between 
techniques* However# when the 15 and 25 Kg* lifts were compared ■. 
the 1st peals pressure for full stoop lifting was greater, than when 
using the thll knee lift*
Peak pressure increased with increasing height and weight. of 
lift for both techniques*
2) 2nd weal: intra-abdominal pressure Figs* 80 and81
2nd peak intra-abdominal pressure was in general no different 
when using the straight full stoop lift than when full knee 
lifting* 2nd peak pressure increased with increasing height and 
weight of lift for both techniques*
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F ig . 77 Sequence showing the fu l l  knee li f t in g  manoeuvre fro m
ground leve l to 1. 53 M . w ith  a loaded p a lle t of 15 Kg.
■ She increase of 2nd peak pressure with increasing lift 
height was greater when using the straight'full stoop lift 
than when full knee lifting (p^ 0*005)#
5) llean intra-abdominal pressure . Mg®* 82 and83
■ Mean intra^aMosinol pressure ■ was in general greater when 
using the straight full stoop lift than when full knee lifting# 
Kean pressure increased with increasing height and weight of 
lift for both techniques#
fhe increase in scan pressure observed with simultaneous 
increase in height and weight of lift was significantly greater 
(p <  0*005) than the sum of the increases observed when the two 
factors were changed-independently*
4) Pressure Quotient Figs* 84 and 85
Pressure quotient was in general greater when using tho 
straight full stoop lift than when full loiee lifting* Pressure 
quotient increased with increasing height and weight of lift for 
both techniques#
Tim increase in pressure quotient observed with simultaneous 
increase in height :and weight of lift was significantly greater 
than the sum .of the -increases observed whoa the two factors were 
changed independently*
. tDhe increase in pressure quotient' with increasing lift height 
was greater when using tho straight full stoop lift than when full 
knee lifting ( p ^  0*005)*
AOOBhBMPIOH £ FORCE CKAK0E5
1) Moan, acceleration durlrw? the first 0*6 seconds of tho lift# 
Figs# 86 and 87
Kean acceleration of the load during the first 0*6 seconds of
the lift t-fas in general greater when using the full knee lift than 
when straight full stoop lifting (p <  0*003)* Hcan acceleration 
■.increased with increasing lift height and decreased with in*** ; 
creasing' load weight for the heavier loads using both techniques* 
For single lifts with all three weights* using both techniques* 
load had no significant effect*.
fhe increase in meant acceleration observed with simultaneous 
increase in height and weight of'lift was significantly-less than 
the sum of the changes, observed when. the. tiro factors were changed 
independently*
fho decrease of mean acceleration with increasing load weight 
was greater when using the full knee lift than when straight full 
stoop lifting (p^ 0*005)*
2) Kean force enrolled to .the, load during,, the, first 0*6 seconds 
of, the lift Figs* 88and 89
Bie mean force applied to the load'during the first 0*6 
seconds of the lift was in' general greater when, using the full 
toe lift than when straight full stoop lifting (p ^  0*025)* ■
Mem force increased with increasing height and .weight of lift 
for both techniques*
?£he increase in mean forco observed with simultaneous 
increase in height and weight of lift was significantly greater 
than the m m  of the increases observed when the two factors were 
changed independently*
5) Peal: acceleration .during the first,. fraction of the lift
Flee* 90. a 91 
Peak acceleration of the load was- in general greater when 
using the full knee manoeuvre than when straight full stoop
lifting* Peak acceleration 'increased with increasing lift 
height and decreased with' increasing load weight for both . 
techniques*
fhe - increase of peak acceleration with increasing lift 
height was independent of the load lifted.
4) ' Peak force during the first .fraction, of the, lift
Peak force applied to the load was in general groater ■
. when using the full knee - lift than when straight .full stoop 
•lifting* Peak force increased with increasing height and 'weight 
of lift for both techniques*
She increase of peak force with increasing lift height was 
independent of the load lifted*
ffXHE .CKAITQSS
fime ..of lift Pigs*94 and 95
She time of lift was in general no different when using the 
straight full stoop lift than when full knee lifting* fiae of 
lift increased with increasing' height and. weight of lift for 
■ the heavier loads using both techniques* For single lifts tdth 
all three weights* using both techniques* load had no significant 
effect* .
- $he increase in time of lift with, increasing lift height was 
independent of the load lifted*
POSTOAii 0HAMB3 OF 'TIB  DPXM
1) ffruhk inclimtion.ohaage .durinj? the first 0*6 seconds..of 
the lift Fim* ,96 and,9.7
Trunk inclination change during the period of pock' trunk 
stress m s  in general greater.when using the .straight full stoop
lift* than when full too .-lifting* -frank, inclination change in** . 
creased with, increasing lift height and decreased with increasing 
load weight for both techniques#'
flie increase of trunk inclination ' change with increasing 
height of lift was independent• of the load lifted#
Z) lumbar anide change during the.first 0*6 seconds of. the
lumbar angle -change during' the period of peak.trunk stress 
was in general no different when using the straight full stoop 
lift than when full knee lifting# Lumbar angle change increased 
with increasing lift height and decreased with increasing, load 
weight for both techniques*
The increase in lumbar angle .change observed with ..simultaneous 
increase in hei#it - and weight of lift was significantly less than 
the sua of the changes observed when the two factors were- changed 
independently*
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Discussion
The form of the pressure changes observed were consistent 
with those discussed previously though the values differed in 
magnitude between the lifting techniques* The magnitude of peak 
intra-abdominal pressures observed during straight full stoop and 
full knee lifting had mean values of 114*1 and 104*6 mm Hg* res­
pectively when lifting the heaviest weight (25 Kg) to the highest 
lift height (l*53m)*
The results show that full knee lifting manoeuvres produced 
significantly lower peak and mean intra-abdominal pressure than
those observed during straight full stoop lifting, the reduction
(SeeTuM-c
lying between 10 and Ztyt ^ and being particularly marked with heavy 
loads* This observation supports the results of Davis (1956),, 
Bartelink (1957) end Eie and ¥ehn (1962) who all noted that the 
intra-abdominal pressures observed for flexed knee lifts with the 
trunk erect were less than for straight knee lifts where the trunk- 
was flexed and did most of the lifting* The results however 
disagree with the Observations of Morris, Lucas and Bresler (1961) 
who noted considerable and consistent difference in the amount of 
intra-abdominal pressure generated during flexed knee and straight 
knee lifting, it being more elevated when the weight was lifted 
with the knees flexed than with the knees straight. It is noted 
however, that they administered the load on a weight lifting bar 
which interfered with knee flexion and required the trunk to be 
partially flexed in the knee flexed manoeuvre* They also noted 
that with weights of 150 to 200 pounds it was difficult to hold 
the two postures and most subjects found it necessary to flex the
spine with flexed knee lifting, and the knees with straight knees 
lifting* Also, no conditions of lifting the weights were imposed 
on the subjects other than they lift in the two positions outlined 
and no training in the techniques was included*
The observation that peak and mean intra-abdominal pressure 
increases with increasing load weight and lift height confirms the 
observation as outlined and discussed in Section III 4) A* In 
the case of peak intra-abdominal pressure the effect of load weight 
was independent of the lift height* Mean pressure on the other 
hand was observed to increase disproportionately with simultaneous 
increases in height and weight of lift*
There was little difference in overall truncal stress as 
indicated by pressure quotient between the two techniques for the 
lighter load, but with increasing load weight the differences be­
came significantly marked showing the straight full stoop lifting 
manoeuvre to be more stressful by as much as 25$* The observation 
that pressure quotient increased for both techniques with increasing 
height and weight of lift confirms the observations of Davis and 
'Troup (1966) who noted that, when erecting pit props at different 
seam heights for a given technique, pressure quotient increased 
with increasing seam height and weight of pit prop. It is also 
noted that simultaneous increases in height and weight of lift dis­
proportionately exaggerate increases in pressure quotient for both 
lifting techniques* This has obvious implications when assessing 
the magnitude of truncal stresses encountered during material 
handling.
The placement stresses observed were no different using the 
straight full stoop lift than when full knee lifting* This may be 
explained by the observation that with both techniques the posture 
and position of the load in relation to the trunk were similar 
and hence the forward flexor forces on the trunk were of comparable 
magnitudes* .
The mean and peak accelerations applied to the load were 
greater when using the full knee lift than when straight full stoop 
lifting* In the case of peak acceleration, the increase was as 
much as one and a half times* Despite this, the truncal Stresses 
encountered in full knee lifting were significant!y lower than 
those observed in straight full stoop lifting, and it seems likely 
that the reduction in back hasard could be further improved by 
showing the rate of lift as Davis, (1959 a, b); Morris, Lucas and 
Bresler, (l96l); and Davis and Troup, (1964, 1966) have all noted 
load acceleration as being a contributory factor to the magnitude 
of truncal stresses*
The mean and peak accelerations observed in this series were 
consistent with the approximations made by Davis, Troup and Bumard 
(1965)* Several interesting points did however emerge. As in the 
previous series, the approximations f or mean acceleration were on 
average 12$ lower, for all single lifts using 3, 15 and 25 Kg*, 
weights to heights 0*42, 1*11 and 1*55 metres, than the peak 
accelerations determined using an accelerometer* There was however 
significant variation between techniques. In the case of full 
flexed knee lifting mean accelerations were on average 36$ lower than 
the peak acceleration observed, whilst for straight full stoop
lifting the mean acceleration were on average 14$ higher than the 
peak accelerations* This difference say he accounted for by the 
fact that in the full flexed knee lifting manoeuvre there was only 
one accelerative phase, in most instances, whereas in full stoop 
lifting several phases or periods of acceleration were observed* 
Thus, the accelerometer output consisted of one peek when full 
flexed knee lifting and several peaks when straight full stoop 
lifting of which, only the first was noted. It was also observed 
that when lifting to the lowest height level (0*42 m) that the mean 
accelerations were on average 45$ lower than the peak accelerations 
recorded# It is noted, therefore,'that when making approximations 
of acceleration from cine records for lifts to a low level or for 
lifts involving relatively high accelerations, the errors will be 
considerable# 'Tori&pfoye the approximations, it would be necessary 
to decrease the time interval between images or frames* For this, 
additional lighting would be required to produce a similar film 
clarity*- '
The observation that mean and peak acceleration decreases 
with increasing load weight is in agreement with the results of 
Davis, Troup and Barnard (1965) as discussed previously (see p* 205)* 
It was however, noted that the decrease of mean acceleration with 
increasing load weight was greater when using the full knee lift 
than when straight full stoop lifting and it is suggested that 
further increases in load weight would reduce the differences 
observed between the two lifting techniques.
The forces applied to the load, both mean and peak, were 
significantly greater when using the full flexed knee lift than
when straight full stoop lifting* Further the forces applied 
increased with increasing height and weight of lift for both 
techniques* In the full stoop lifting technique, the forces required 
to overcome load inertia are produced by action of the hip extensors 
(Denslow and Gutensohn (1967) )* Also, Floyd and Silver (1955) I 
Morris et al (1962), and Pauly (1966) have demonstrated that in a 
position of full flexion of the trunk while standing with knees 
extended, the erector spinae muscles become electromyographically 
silent* In the full flexed knee lifting technique the forces re­
quired to overcome load inertia are produced by action of the knee 
extensors,the trunic being stabilized by the hip extensors and the 
erector spinae muscles (Pauly, 1966)*
When full stoop lifting,the trunk is exposed to large flexor 
forces as described earlier (see p*208)* When knee lifting, 
however, the trunic, being nearly vertical throughout, is not ex­
posed to large flexor forces and the efficiency, in terms of 
minimal truncal stress in relation to the forces, both peak and mean, 
applied to the load are very much greater when using this manoeuvre 
than when stoop lifting* This agrees with llachemson and Elfstrom 
(1970) who have shown 70$ increases in intradiscal loads when 
lifting by knee flexion with an erect trunk as opposed to 170$ 
increases when lifting with the back alone*
The result that time of lift was in general no different when 
using the straight full stoop lift than when full knee lifting, 
agrees with the observations of Davis Troup and Bumard (1965)*
Time of lift was also noted to increase with increasing height and 
weight of lift for the heavier loads using both techniques* This 
is the same as the results obtained and discussed in Section 4 A* p* 207
The postural changes of the spine as measured using pointers 
as described by Flint (1963)# showed interesting variation between 
techniques as well as variation with changes In height and weight 
of lift during the period of peak truncal stress. The trunk in­
clination change was much greater when using the straight full 
stoop lift than when full knee lifting (mean values of 52.2° and 
9.8° for all lifts for straight full stoop and full flexed knee 
lifting manoeuvres respectively.) In both techniques the variation 
with height and weight of lift was similar, there being an increase 
with increasing height of lift and a decrease with increasing load 
weight* In the full knee lifting manoeuvre the effect of increased 
load weight with some individuals ( 6 out of 7) created a negative 
trunk inclination.change, that is, the trunic became more horizontal 
as opposed to being more vex-tical* The proportion of all lifts from 
the floor in which negative trunk inclination or no change occurred 
is given below for the six subjects.
Weight (Kg.).
Height (metres) • . 3 15 25
0.42 0.30 0*26 0.24
1.11 0.0 0*02 0.09
1.53 0.0 0.0 0*06
The figures presented show that in nearly one third of all 
lifts to the 0*42 metre level negative trunic inclinations were 
observed* With higher lifts, 1*11 and 1.53 metre levels, the 
proportion diminished considerably although more were observed 
when lifting 25 Kg., than when loads of 3 and 15 Kg. were used.
By grouping the raw data into a contingency table 2 x 2 ,  as 
shown below, a significant chi-square value was obtained#
2 x 2  Meight.(Kg).
Height (metres) 3 & 15 25
0.42 20 15
1.11 & 1.55 1 8
X2 = 5.09 ( p <  0,025)
This demonstrates that negative inclinations occur most 
frequently at the lower lift height. There is, however, a sig­
nificant frequency with the heaviest weight at the higher levels.
The range of negative inclination was on average small, being 
less than 5° for repetitive full knee lifting with loads of 15 and 
25 Kg* 4 out of 7 subjects displayed negative trunk inclinations
O 'ft
in excess of 10 one of which produced a change of 24c , and it 
should be noted that, in those individuals producing extremes of 
this movement, back hasard is greatly increased.
This result agrees well with the observation of Davis, Troup 
and Burnard (1965) who noted that despite subjects awareness of 
a distinction between the different lifting manoeuvres, many of 
them tended to convert the flexed knee posture into something 
approaching the straight-legged stoop when confronted with heavy 
weights. They did so by raising their hips faster than their 
shoulders in the early parts of the lifts, thus momentarily in­
clining the trunk towards a prone position. It is clear from this 
that young adult; relatively untrained males asked to lift heavy 
weight by using their legs and not their backs tend to convert
the flexed knee lift into a straight knee lift. These observations 
are reinforced by the results presents by Morris, Lucas and 
Bresler (1961) who noted higher intra-abdominal pressures when 
full knee lifting than when stoop lifting weights of 70-90 Kg* 
Their subjects were untrained and Morris et al (1961) noted that 
many flexed their trunks when lifting heavy weights using the 
full knee manoeuvre.
Training is clearly of great importance and Jackson (1968) 
has shown that new lifting postures can be acquired during a 
training programme by those who are receptive, but notes that 
those who have a below average response need a longer period of 
instruction and practice* Davis and Troup (1964 b) reinforces 
this point in their suggestion that heavy loads should always 
be used in training, and a careful watch kept to ensure that 
this dangerous conversion is avoided.
There was little difference in the lumbar angle change between 
techniques during the period of peak truncal stress (mean values
O -0of 8,6 and 7*7 for all lifts for straight full stoop and full 
flexed knee lifting manoeuvres respectively) In both techniques 
the variation with height and weight of lift was similar, there 
being an increase with increasing height of lift and a decrease 
with increasing load weight. The decreased movement of the 
lumbar spine with increasing load weight occurred when the load 
was being accelerated against the greatest resistance and the 
truncal stresses were at their peaks, This observation is 
similar to the delay in lumbar extension (with increasing mag­
nitude of load weight) noted by Davis et al (1965) and Kumar 
(1971 & 1974).
The significance of these findings in relation to full stoop 
lifting has a l r e a d y  been discussed (p*20$) so only the main points 
will be repeated here for comparative purposes.
In straight full stoop lif 1s the spine is initially fully flexed. 
This places the extensor musculature at a severe mechanical dis­
advantage in terms of its ability detiVOlyeip extend the lumbar 
spine* Floyd and Silver (1955) have shown that in the early 
phase of stoop lifting the erector spinae are electromyOgraphically 
silent* The flexed lumbar spine does however provide the pressure 
mechanism with the best possible mechanical advantage (Davis 
and Troup (1964, b) )• It appears therefore, that in straight 
full stoop lifting, during the period of maximal truncal stress 
the forces acting on the lumbar region are opposed by the pressure 
mechanism, the posterior spinal ligaments, some passive elastic 
muscular component and by compression of the lumbar vertebral 
bodies and discs* Further, the delay in onset of lumbar extension 
may be a mechanism whereby movement between lumbar vertebrae is. 
avoided as long as high intervertebral compression forces are 
present* Hence, the heavier the load being lifted, the greater 
are the flexor forces on the trunk, and the intervertebral 
compression forces and the longer the delay.
In the full knee lifting manoeuvre the lumbar spine is initially 
partially extended. This placesi ithe extensor musculature in a 
mechanically more favourable position (Davis and Troup (1965 b) )»
At the same time the extended lumbar spine reduces the perpendicular 
distance between the line of action of the force resulting from 
intra-abdominal pressure and the long axis of the spine* This In turn 
reduces the mechanical efficiency of the pressure mechanism*
Therefore, in the full knee lifting manoeuvre during the period 
of maximal truncal stress, the forces acting on the lumbar region 
are opposed by the extensor musculature and the .pressure mechanism 
The extensor role of the posterior spinal ligaments and of the 
lumbar vertebral bodies and discs is thus very much reduced in 
full knee lifting when compared with straight full stoop lifting.
Conclusions
Of the two lifting manoeuvres studied during the repeated 
lifting of two weights to the three heights, that using the full 
flexed knee position appears least stressful but the tendency with 
this technique for the trunk to become more horizontal during the 
period of peak truncal stress may^offset the apparent advantage 
of this method of lifting.
The observation from Section III 4 A.) that simultaneous 
increases in lift height and load weight disproportionately 
exaggerate the truncal stress increases in both lifting manoeuvres 
was confirmed in this series.
2) Straight Semi Stoop and Semi Flexed Knee Lifting
Five subjects participated, all being males between 19 and 27 
years of age. Two additional subjects were also used for an analysis 
of truncal movements during straight semi stoop lifting only. Each 
subject lifted loads of 15 and 25 Kg. three times from 0.42 metres to 
1.11 and 1.53 metres using the.two postures (24 lifts in 1 hr.) The 
mean values are shown in Table 37*
The lifting order was /random for each subject and a practice 
session and •warm up* session completed prior to.each experimental 
sequence as described earlier (p 193a).
The. graphs presented show means plus or minus one standard error.
2) Straight Semi Stoop and Semi Flexed Knee Lifting
Figs. lOP & 101
Analysis of variance for:-
i) Repetition (3 for weights 15 and 25 Kg*)
ii) Height (0*42 (i) to 1*11 (ii) and 1*55 (iii)
metres*)
iii) Heights (15 and 25 Kg*)
iv) Technique (Straight Semi Stoop lifting (s *S *) and
Semi Flexed Knee Lifting (S.IC.) )• 
y) Individuals (5 unless otherwise stated).
PRESSURE CHARGES
1) 1st peak intra-abdominal pressure Figs*102 and 10^
Peak intra-abdominal pressure was in general greater when 
using the straight semi stoop lift than when semi knee lifting.
Peak pressure increased with increasing lift height (p 0*005) 
and load weight for both techniques.
The increase in peak pressure with increasing load weight 
was greater when using the straight semi stoop lift than when 
semi knee lifting (p 0.025)*
2) 2nd peak intra-abdominal -pressure Fi/?s. 104 and 105
2nd peal: intra-abdominal pressure was in general greater
when using the serai knee lifting manoeuvre than when straight 
semi stoop lifting (p O.Ql)* 2nd peal: pressure increased with 
increasing lift height and load weight for both techniques*
The increase in 2nd peak pressure with increasing load
weight was greater when using the semi knee lift than when straight 
semi stoop lifting (p 4. 0*005).
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F ig . ]00 Sequence showing the sem i-s toop  l i f t in g  manoeuvre fro m
0. 42 to 1. 53 M . w ith  a loaded p a lle t o f 15 Kg.
F ig . 101 Sequence showing the sem i-knee l if t in g  manoeuvre fro m
0.42 - 1.11 M . w ith  a loaded p a lle t of 15 Kg.
3) Kean intra-abdominal -pressure Fires ♦ 106 and 107
Mean intra-abdominal pressure was in general greater when 
using the straight semi stoop lift than when semi knee lifting. 
Mean pressure increased with increasing lift height and load 
weight for both techniques.
The increase in mean pressure observed with simultaneous 
increase in height and weight of lift was significantly greater 
(p 0.025) than the sum of the increases observed when the two 
factors were changed independently*
The increase with increasing load was greater when using the 
straight semi stoop lift than when semi knee lifting.
The differences in mean pressure between techniques was re­
duced by increasing lift height*
4) Pressure Quotient Pigs* 108 and 109
Pressure quotient was in general greater when using the 
straight semi stoop lift than when semi knee lifting. Pressure 
quotient increased with increasing height and weight of lift for 
both techniques.
The increase in pressure quotient observed with simultaneous 
increase in height and weight of lift was significantly greater 
than the sum of the increases observed when the two factors were 
changed independently.
ACCELERATION & FORCE CHANGES •
l) Kean acceleration of the load during the first 0*6 seconds 
of the lift Fhsrs.llOjandlll
The mean acceleration applied to the load during the first 
0*6 seconds of the lift was in general greater when using the semi
knee lift than when straight semi stoop lifting* Mean acceleration 
increased with increasing lift height and decreased with increasing 
load weight for both techniques*
The increase in mean acceleration observed with simultaneous 
increase in height and weight of lift was significantly less 
(p <  0.025) than the sum of the changes observed when the two 
factors were changed independently*
The increase in mean acceleration with increasing lift height 
was greater when using the semi knee lift than when straight semi 
stoop lifting.
The decrease in mean acceleration with increasing load weight 
was greater when using the straight semi stoop manoeuvre than when 
semi knee lifting*
2) Mean force applied to the load during the first 0*6 seconds 
of the lift Pigs*112 andll3
The mean force applied to the load was in general greater 
when using the semi knee lift than when straight semi stoop 
lifting* Mean force increased with height and weight of lift 
for both techniques*
The increase in mean force with increasing lift height was 
greater when using the semi knee lift than when straight semi 
stoop lifting*
The increase in mean force with increasing load weight was 
greater when using the semi knee lift than when straight semi 
stoop lifting*
3) Peak acceleration during the first fraction of the lift 
Pigs*114 and 115
The peak acceleration applied to the load during the first
fraction of the lift was in general greater when using the semi 
knee lift than when straight semi stoop lifting* Peak acceleration 
increased with increasing lift height (p< 0*005) and decreased 
with increasing load weight for both techniques.
4) Peak force during the first fraction of the lift Pigs 116 and 117 
The peak force applied to the load was in general greater 
when using the semi knee lift than when straight semi stoop 
lifting* Peak force increased with increasing lift height (p ^  0*005) 
and load weight for both techniques,
The increase of peak force with increasing load weight was . 
greater when using the semi knee lift than when straight semi 
stoop lifting.
TIPIS 0IIMGE3
Time of Lift Pigs *118 and!19
The time of lift was in general no different when using the 
straight semi stoop lift than when semi knee lifting. Time of 
lift increased with increasing lift height and load weight far 
both techniques*
The increase in time of lift with increasing lift height was 
greater when using the straight semi stoop lift than when semi 
knee lifting.
/
POSTtffiAL, CHANGES OF TUB SPIKE for straight semi stoop only*
7 subjects were used.
l) Trunk inclination change 'during: the first 0.6 seconds of the
lift Pig* 120
The trunic inclination change during the period of peak trunk
stress* for straight semi stoop lifting* increased with increasing 
lift height and decreased with increasing load weight (p 0.025) 
The increase of trunk inclination change with increasing 
lift height was independent of the load lifted*
2) humhar angle change dtarin^  the first 0*6 seconds of the 
lift Pig* 121
The lumbar angle change during the period of peak trunk 
stress, for straight semi stoop lifting, increased with increasing 
lift height and decreased with increasing load weight.
The increase in lumbar angle change with increasing lift 
height was independent of the load lifted.
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Discussion
The form of the pressure changes observed followed a common 
pattern for both lifting manoeuvres* The pattern consisted of 
an abrupt increase in pressure associated with overcoming the 
inertia of the load (lot peal: pressure)*, a rapid fall to a 
value well above the resting pressure while the weight travelled 
upwards at constant velocity* another less abrupt rise as the 
load was moved away from the trunk for placement (2nd peak 
pressure)* and a return to the resting level when the load was 
put down* In addition* with the semi knee lifting manoeuvre a 
small increase was observed during the rotation phase* This 
increase was less than that observed for the first and second 
peak pressures* The first and last phases are consistent with 
those reported by Davis (1956, 1957); Davis and Troup (1964 a* b); 
Bartelink (195?) and Sasaki (1969)* The middle two phases are 
consistent with those reported by Kumar (1971)*
The magnitude of peak intra-abdominal pressures observed 
during straight semi stoop lifting and semi flexed knee lifting 
had mean values of 115*9 and 84*9 ma'IIg* respectively when lifting 
the heaviest weight ( 25 Kg) to the highest lift height (l«53 m) 
from 0.42 m*
The results show that semi flowed knee lifting manoeuvre 
produced significantly lower maximum pealc and mean intra-abdominal 
pressures than those encountered when straight semi stoop lifting* 
the reduction being between 20 and 30/j and being pai-ticularly 
marked when lifting the heaviest weight (25 Kg) to the highest 
height of lift (1.55m) from 0.42 m. That the use of the knees
resulted in a reduction of this magnitude is even more significant 
when one considers that this lifting experiment also involved 
spine rotation, which has been shown to greatly increase trunk 
stresses (see Sec* III 4A)*
The observation that peak and mean intra-abdominal pressure 
increases with increasing load weight and lift height confirms 
previous observations (sec Sec* III 4A) )• In the case of peak
intra-abdominal pressure the effect of load weight was independent 
of the lift height, Hean pressure indicating mean truncal stress* 
however* was observed to increase disproportionately with sim­
ultaneous increases In height and weight of lift* Also it was 
noted that the effect of increasing load weight on"peak and mean 
pressure was greater when using the straight semi stoop lift than 
when semi knee lifting* Thus it would appear that as the load 
weight increases the increase in peal: and mean truncal stresses 
- will further exaggerate the differences between the two lifting 
manoeuvres showing semi stoop lifting to be significantly more 
stressful than semi knee lifting*
The placement stresses observed were greater using the semi 
Imee lift than when straight semi stoop lifting* This may be 
explained by the observation that in the semi stoop lift the load 
was held closer to the trunk at placement thereby reducing the 
forward flexor force on the trunk* In semi knee lifting the 
flexor force on the trunk was greater because placement was 
observed to be slightly in advance of the rear foot moving to­
wards the lift heights* This resulted in the load having to 
be moved away from the trunk by partially extending the arms to 
position the load.
The pressure quotient which gives an indication of overall 
tnrneai stress (Davis and Troup (1966) ), varied from individual 
to individual* hut was consistent for a given subject repeating 
a given task* There was little difference in pressure quotient 
between the two techniques with the lighter load over the height 
ranges* but with increasing load weight* the difference became 
significantly marked showing the straight semi stoop lifting 
manoeuvre to be more stressful* The effect of increasing load 
weight and lift height together with the effect of height and 
weight interaction on both techniques was similar to those ob­
served for full stoop and knee lifting manoeuvres (see Sec* III 4 B) )# 
The time of lift did not vary between techniques but as in 
the previous analyses (see Sec. Ill 4 B) ) mean and peak acceler­
ations of the load were significantly greater when using the semi 
knee lift than when straight semi stoop lifting* In the case of 
peak acceleration* the increase was as much as one and a half 
times* Despite this* the truncal stresses encountered in semi 
knee lifting were significantly lower than those observed in 
straight semi stoop lifting* and as noted earlier it seems likely 
that the reduction in back hazard could be further improved by 
slowing the rate of the lift* (see Sec. H I  4b))* The mean and 
peak accelerations observed were consistent with those observed 
in the full stoop and knees series* The approximations for mean 
acceleration were on average 11* 5/S lower than the peak acceler­
ations determined using an accelerometer and a similar degree of 
variation was noted between techniques* For semi flexed knee 
lifting mean accelerations were on average 20/£ lower* and for semi 
stoop lifting they were 15$ higher* than those determined by an 
accelerometer*
The observation that mean and peak acceleration decreases 
with increasing load weight confirms the results obtained in 
the previous two series and is in agreement with the observations 
of Davis Troup and Bumard (1965)* It was also noted that whilst 
mean acceleration increases with increasing lift height the effect 
was greater when using the semi knee lift* This together with the 
fact that the decrease in mean acceleration noted with increasing 
load weight was least in semi knee lifts* shows this lift man­
oeuvre to be more efficient than the semi stoop lift over the 
height and weight range used*
The forces applied to the load* both mean and peal:, were 
significantly greater when using the semi flexed knee manoeuvre 
than when semi stoop lifting. Further* the forces increased with 
increasing lift height and load weight for both techniques* That 
the forces applied to the load are greatest in the semi flexed 
knee manoeuvre agrees with the findings of Lindahl, Hovin and 
Ringqvist (1969) who noted that the maximum force exerted by the 
quadriceps in extension of the knee occurred at 105-120°. The 
starting position for the semi knee lift was within tills leg 
extension range. Lindahl et al further note that from this 
range there was a reduction in available force on further extension 
or flexion* the value approaching zero near full extension* Thus* 
when lifting in a semi stooped posture from 0*42 m with the legs 
extended, the forces required to overcome load inertia are pro­
duced by the hip extensors as shorn by Denslow and Gutenshohm (1967) 
and by the erector : spinae (Floyd and Silver* 1955 , Morris et al 
1962? and Pan,Ly > 1966) with little or no assistance being given
by the knee extensors* Conversely* when lifting with the semi 
flexed action the forces required are produced by the knee ex­
tensors in mechanically their most advantageous position* This 
may partly account for the smoothness of lift, as inferred from 
t|t© accelerometer records of semi knee lifting when usually only 
one accelerative phase is observed, unlike the •multi-phase' 
record when semi stoop lifting*
Ifhen semi stoop lifting the trunk is exposed to large 
flexor forces* These flexor forces are resisted by tiro equal 
and opposite forces forming a mechanical couple (Troup 1968 )•
One of these is produced by contraction of the erector spinae 
group of muscles* the other is the compressive force acting 
longitudinally through the vertebral bodies and their discs*
The moment of the couple is the perpendicular distance between 
the two lines of force and at the lumbo sacral disc, when the 
trunk is horizontal, as in full stoop lifting, the length of 
this lever arm is one sixth that of the lever arm on which the 
weight acts (Davis, 1964 a). For positions between stooping 
and erect positions- for example semi stooping, the compressive 
force is made up partly by the mechanical extensor couple and 
partly by direct axial thrust* depending on the angle of in- 
clin^fation* Also the length of the lever arm on which the 
weight acts is reduced*
As shown earlier in this series when weights are being lifted 
the foregoing considerations apply* but a further mechanism 
comes into play* This is provided by increased intra-abdominal 
pressure, sometimes supported by similar increases in intra-thoracic 
pressure.(Davis, 1956,1957*1959 a*b; Bartclink 1957; Morris* Lucas 
and Bresler 1961; Davis and Troup 1964)*
Floyd and Silver (1955) have shown that in full stoop liftiig 
during the early phases, there is little contraction of the long 
spinal muscles* Only when the load reached knee height were 
large amounts of activity observed. Thus* it would seem that in 
semi stoop lifting from approximately knee height (0,42 m) during 
the period of peal: truncal stresses* the flexor forces acting on 
the trunk are opposed by the pressure mechanism, some muscular 
component and by compression of the vertebral bodies and discs.
When semi knee lifting* however* the trunk being nearly
vertical throughout* is not exposed to large flexor forces* With
the trunk erect* the centre of gravity of the upper part of the
body is* in general* vertically above the lumbar spine* inducing
a direct axial thrust which is resisted by the vertebral bodies
and transmitted to the sacrum and pelvis* In all subjects the
trunk was inclined away from the vertical thus producing a forward
fle^on force* but the length of the lever arm on which the weight
of the upper part of the body and the load being lifted acted
was very much less than that observed when semi stoop lifting. The
efficiency therefore of semi knee lifting in terms of minimal
truncal stress in relation to the forces both mean and peak applied
to the load is greater when using this technique than when semi
stoop lifting. This is further reinforced by the- observation that
the increases in forces applied to the load, both mean and peak,
with increasing load weight were greater when semi knee lifting 
than when semi stoop lifting. Also* the increase in mean force
with increasing lift height was greatest when using the semi
knee lift manoeuvre.
The lifting' conditions imposed on subjects in this present 
aeries are comparable with those used by Huchemson and Elfatrom 
(1970) who investigated intradiscal pressures in a numbor of 
dynamic situations* Of particular interest was their investi­
gation on.lifting wei#ts* fixe subjects m&Q first asked to ypick 
.up 20 Kg from a chair placed in front of his by flexing the trunk 
and keeping the legs extended(semi stoop posture)*' the chair was - 
40 cm hi# and. placed 30 cm in front of the' subject* In this • 
series the lift height was 42 css* and m s  placed 50 cm in front 
of the subject* The same subject, starting from the same position, 
then performed the same. lift but was asked to keep the back as . 
straight as -possible and instead flex the .knees whan picking up 
the weight* The chair 'was moved. 10 cm closer to the subject for 
this* The mean increase in. load, compared to that in the standing 
position with 10 Kg in each hand .was lifting- "•the right way* 
about 90 Ep, lifting1 the wrong way1 about 200 Ep, corresponding to 
70 and 1?0$ increase respectively* Further, they report on an 
.abrupt .increase iniatradiscaX pressure at the moment of lifting, 
the load %M&k they, suggest, is synchronous to the observations of 
Davis et.-gl (1965), and others of snatch intra-*abdominal and 
intra-thoracic pressures* ■
Unfortunately, in this series they did not record tho 
accelerations and forces applied to the load weight which have been 
shown by Davis, (1959 a, b); Karris, Lucas and Bresler, (196I), 
and Davis and Troup (1964, 1966) to contribute to the magnitude 
of truncal stresses* Their results are however, supported by the 
observations of this present series* If the peak stress- per unit
acceleration for each technique of lifting is compared from this 
present series the results show semi stoop lifting to be two 
times more stressful than semi knee lifting. This is the same 
order of magnitude liachemson and Elfstrom (1970), obtained when 
comparing intradiscal pressures for their knee and stoop lifting 
manoeuvres*
The postural changes of the spine as recorded using pointers 
as described by Flint (1963), for semi stoop lifting, were 
similar for those observed in previous series. Unfortunately, the 
postural analysis of the movement involved in semi flexed knee " 
lifting were omitted as this manoeuvre contained a rotational 
component for which no relatively easy analyses procedures are 
available*
The trunk inclination and lumbar angle changes during the 
period of peak truncal stress increased with increasing lift 
height and decreased with increasing load weight* The trunk 
inclination change for semi stoop lifting increased 33$ with full 
increase in lift height and decrease 5$ with full increases in 
load weight* The lumbar angle change increased 29$ with the full 
increase in lift height and decrease 29$ with increasing loads 
from 15-25 Kg. '
The decreased movement of the trunk and lumbar spine with 
increasing load weight is highly significant in relation to the 
delay in extension of the trunk and lumbar spine with increasing 
lo&d weight observed by Davis, Troup and Burnard. (1965) when 
subjects were performing straight full stoop lifting* Mechanically 
such a delay in straight semi stoop lifting is similar to that
which they observed for fall stoop lifting* In both cases the delay 
occurs when the inertia both of the load lifted and that of the 
individuals upper limbs and trunk is being overcome* At this time, 
with the trunk still in its semi stooping position, the com­
pression forces, comprising the mechanical extensor couple and 
some direct axial thrust, exerted between lumbar vertebral bodies 
are high? and as the peak accelerative phase of the lift coincides 
with the posture in which the spine is tinder considerable stress, 
the maximum peaks of intervertebral compressive forces are then 
most likely to arise* Floyd and Silver (1955) do, however, note 
that flexion relaxation of the erector spinae when stoop lifting 
ceases when the load reaches knee height* Further, although the 
lumbar spine is initially flexed in the semi stoop manoeuvre 
the degree is less than that noted for full stoop lifting and 
hence the mechanical disadvantage of the extensor musculature in 
semi stoop lifting will be less severe* Therefore, in semi stoop 
lifting it appears that during the period of maximal truncal 
stress the forces acting on the lumbar region are opposed by the 
pressure mechanism, some muscular component arising from the hip 
extensors and erector spinae, and by compression of the lumbar 
vertebral bodies and discs* Some opposition is also likely from 
the posterior spinal ligaments, but with an increased erector spinae 
involvement whether isometric or isotonic the degree and mag­
nitude of ligament action is likely to be much reduced from that 
implied when full stoop lifting*
Although no comparable analysis is available for semi knee 
lifting, the trunk and lumbar spine movements would be expected 
to follow the pattern discussed in Section III 4 B for the full 
flexed knee lifting manoeuvre*
Conclusions
Of the two lifting manoeuvres studied during the repeated 
lifting of two weights from 0*42 metres to two lift hei#ts,that 
using the semi flexed knee technique appears least stressful*
It is likely that the reduction In hack hazard using this 
technique could be further improved by slowing the rate of lift*
3) Straight Full Stoop and Full Flexed Knee Lifting from 
*.
Ground Level and Straight Semi Stoop and Semi Flexed 
Knee Lifting from 0.42 Metres 
To examine the relationship between * full* and Ssemi* manoeuvres 
the following analysis was undertaken using the results from five 
subjects participating in B2 p229, toghther with five randomly chosen 
from the seven subjects participating in B1 p2l2. The mean values are 
shown in Table 37*
The graphs presented show means plus or minus one standard error.
5) Straight Full Stoop and.Fall Flexed Knee Lifting from 
Ground Level and Straight Semi Stoop and Semi Flexed 
Knee Lifting from 0*42 Hetres Figs*55, 77, 100 & 101
Analysis of variance fors-
i )  Repetition (three)
ii) Height (from ground level for full lifts or
0*42 (i) metres for semi lifts to 
1*11 (ii) and 1.53 (iii) metre heights 
respectively)* 
ill) Weight (15 and 25 Kg.)
iv) Technique I (Full Stoop or Knee (P.S. or F#K*)'
and Semi Stoop or Seal Knee Lifting 
(S.S. or S*I{) ).
v) Technique II (Full or Semi Stoop (P.S. or S.S.)
and Full or Semi Knee Lifting (F.IC.
or S.K*))
vi) Individuals (5 unless othend.se stated)*
PRBSSmS CHANGES ■
l) 1st Peak intra-abdominal pressure Figs. 122 & 123
Peak intra-abdominal pressure was in general greater uhen . .
stoop lifting than when knee lifting, the difference being greater 
when tfullf lifting than when using the fseai.* manoeuvres.
Peak pressure increased with increasing lift height (p ^  0.025) 
for all techniques except when full knee lifting, where no sig­
nificant variation with lift height was observed. Peak pressure
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increased Kith increasing load weight for all techniques#
The increase in peak pressure with increasing load weight was 
greater when using the straight full and semi stoop lift than 
when full or semi flexed knee lifting (p ^  0*0l),
The decrease in peal: intra-abdominal pressure observed when 
lifting from the 0*42 metre level was significantly greater when 
semi knee lifting than when semi stoop lifting#
2) 2nd weak intra-abdominal pressure Figs# 124 & 125
2nd peak intra-abdominal pressure was in general greater when
’full* lifting than when using the ’semi* manoeuvres* 2nd peak 
pressure was in general no different when using the stoop lift 
than when knee lifting*
2nd peak pressure increased with increasing lift height and 
load weight for all techniques*
The decrease in 2nd peak pressure observed when lifting from
the 0*42 metre level was significantly greater when straight semi
stoop lifting than when semi knee lifting*
3) Mean intra-abdominal pressure Figs* 126 & 127
Mean intra-abdominal pressure was in general greater when 
stoop lifting than when knee lifting, the difference being greater 
when ’full1 lifting than when using the *seai* manoeuvres*
Mean pressure increased with increasing lift height and load 
weight for all techniques.
The increase in mean pressure observed with simultaneous 
increase in height and weight of lift was significantly greater 
(p^ 0*005) than the sum of the increases observed when the two 
factors were changed independently#
The increase in mean pressure with increasing lift height 
was greater when using the ♦semi1 lift than when 'full* lifting 
( p <  0.005).
The decrease in mean pressure observed when lifting from the 
0*42 metre level was significantly greater when semi stoop lifting 
than when semi knee lifting.
4) Pressure Quotient Pigs* 128 & 129
Pressure quotient was in general greater when stoop lifting 
than when knee lifting* the difference being greater when 1full1 
lifting than when using the ’semi* manoeuvres.
Pressure quotient increased with increasing lift height and 
load weight for all techniques*
The increase in pressure quotient observed with simultaneous 
increase in height and weight of lift was significantly greater 
than the sum of the increases observed when the two factors were 
changed independently.
The increase in pressure quotient with increasing lift height 
was greater when using the * serai* lift than when ‘full* lifting
(p <  0.005).
The decrease in pressure quotient observed when lifting 
from the 0.42 metre level was significantly greater when semi 
stoop lifting than when semi knee lifting.
ACCSL5RATI0H & FORCE CHANGES,
l) Ifean acceleration during the first 0.6 seconds of the lift 
Figs. 150 & 151 '
Kean acceleration of the load during the first 0.6 seconds
of the lift was in general greater when knee lifting than when 
stoop lifting* the difference being greater when 'full1 lifting 
than when using the ‘semi* manoeuvres*
Mean acceleration increased with increasing lift height 
and decreased with increasing load weight for all techniques*
The increase in mean acceleration with increasing lift height 
was greater when using the knee lift than when stoop lifting
(p < 0.005).
The decrease in mean acceleration observed when lifting 
from the 0f42 metre level was significantly greater when semi 
stoop lifting than when semi knee lifting*
2) Mean force during the first 0*6 seconds of the lift 
Figs* 152 & 135
Mean force applied to the load during the first 0*6 seconds
of the lift was in general greater when knee lifting than when
stoop lifting, the difference being greater when ’full* lifting
than when using the ’semi* manoeuvres.
Mean force increased with increasing lift height and load ■ '
weight for all techniques*
\ ■ . *
The increase in moan force.with increasing lift height was
greater when using the knee lift than when stoop lifting (pK 0.005).
The increase in mean force with increasing load weight was
greater when using the ’full lift'than when'semi'lifting.
The decrease in mean force observed when lifting from the
0.42 metre level was significantly greater when semi stoop
lifting than when semi knee lifting.
3) Peak acceleration during "the, first fraction of the lift
Pigs. 134 & 135
Peak acceleration of the load was in general greater when
knee lifting than when stoop lifting, the difference being
greater when ’full* lifting than when using the ’semi* manoeuvres* 
Peak acceleration increased with increasing lift height and 
decreased with increasing load weight for all techniques*
The decrease in peak acceleration with increasing load 
weight was greater when using the knee lift than when stoop 
lifting (p ^  0*025).
The decrease in peak acceleration observed when lifting from 
the 0142 metre level was significantly greater (p< 0*005) when 
semi stoop lifting than when semi knee lifting*
4) Peak force during the first fraction of the lift Figs* 136 & 137
Peak force applied to the load was in general greater when
knee lifting than when stoop lifting, the difference being greater 
when ’full* lifting than when using the ’semi* manoeuvres*
Peak force increased with increasing lift height and load 
weight for all techniques*
The decrease in peak force observed when lifting from the 
0*42 metre level was significantly greater when semi stoop 
lifting than when serai knee lifting*
TIME CHANGES
Time of Lift Figs* 138 & 139
Time of lift was in general no different when stoop lifting 
than trhen knee lifting, whether by ’full* or*semi* manoeuvres*
Time of lift increased with increasing lift height for 
all techniques and increased with increasing load weight for all 
techniques except when semi knee, lifting, where no significant 
variation with load weight was observed#
The increase in time of lift with increasing lift height 
was greater when stoop lifting than when knee lifting (p<. 0*005)* 
The increase in time of lift with increasing lift height 
when lifting from the 0*42 metre level was significantly greater 
when semi stoop lifting than when semi knee lifting#
POSTtTML CHMGSS OF TUB SPX1IB for straight full and semi stoop
lifting only#
1) Trunk inclination change during the first 0*6 seconds of 
the lift (7 subjects) Fig* 140
Trunk inclination change during the period of peak stress 
was in general greater when using the straight full stoop lift 
than when semi stoop lifting#
Trunk inclination change increased with increasing lift height 
(p ^  0*005) and decreased with increasing load weight for both 
techniques, The effects of lift height and load weight on 
trunk inclination change wore independent*
2) Lumbar an^le change during the first 0*6 seconds of the lift 
(7 subjects) Fig. 141
Lumbar angle change during the period of peak stress was in 
general greater when using the straight full stoop lift than when 
semi stoop lifting (p ^  0*025)#
Lumbar angle change increased with increasing lift height 
(p<0*005) and decreased with increasing load weight for both 
techniques*
The effects of lift height and load weight on lumbar angle 
change tfere independent*
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Discussion
The differences observed between knee lifting, whether full 
or semi, and stoop lifting# whether full or semi# are discussed 
elsewhere (see Sec* III 4 A# B & c), therefore only those 
differences observed between full and semi lifting manoeuvres 
will be considered here*
'The magnitude of peals intra-abdominal pressures observed 
during full and semi lifting manoeuvres whether knee or stoop
Crk1; ( p.s) fe.K) (s.s)
had mean values of 97*7# 116*4# 34*9 and 115*9 mm. Hg* respectively# 
when lifting the heaviest weight (25 Kg) to the highest height 
of lift (l*53 m). The results show that knee lifting manoeuvres# 
whether full or semi# produced significantly lower maximum peak 
and mean intra-abdominal pressures than those encountered during 
stoop lifting# whether full or semi, the reduction laying between 
16 and 50 per cent* It is equally clear that the •semi* lifting 
manoeuvres# whether knee or stoop# produced significantly lower 
maximum peak and mean intra-abdominal pressures than those en­
countered during full lifting, by as much as 51/£* The order of 
truncal stress as observed in the techniques used# therefore 
appears as S*K*<*F*K* <S*S*<,F*S*# (sec fig*l42)# the 
difference between semi flexed knee lifting (s.Kv) and straight 
full stoop lifting (P.S.) being approximately 30$.
The observation that peak pressure increased with increasing 
height and weight of lift for all techniques is discussed else­
where (see Sec* III 4 A, B c; C)* The observed increase with
increasing load weight'was significantly greater when using the 
straight full or serai stoop lift than when full or serai'knee 
lifting* Tills is of great importance in view of the fact that 
the maximum weight used in this series was only 25 Kg*» and that 
further increases in load weight will greatly exaggerate the 
already large burdens placed on the trunic when adopting stooped 
lifting postures# whether full or serai* For example ©ISO (1957) 
consider it reasonable to lift 65 Kg through a height of 0*61 m* 
Switser (1962) considers a safe maximum lift for the 95th percentile 
to be 45 Kg. through 0.45m. Poulsen and Jorgensen (-1971) have 
predicted 56 Kg* as the maximum permissible single lift* Clearly 
with weight increases ofthis magnitude the integrity of the 
spinal mechanism when stoop lifting would be severely compromised* 
The importance of height of lift as a factor contributing 
to truncal stress is well illustrated by the observation that the 
peak stresses observed in ’semi* lifting w^ere less than those 
encountered during *fullf manoeuvres* In the case of ’semi1 lifts 
the lift heights were effectively reduced by 0.42m. Further the 
decrease in peak truncal stresses observed when lifting from the
0.42 metre level was significantly greater when semi knee lifting 
than when semi stoop lifting. This was despite the fact that the 
’semi1 knee lift included a rotational movement which has been 
shown to increase truncal stress as indicated by changes in intra­
abdominal pressure*
The placement stresses as indicated by the second peal-: pressure 
vywf greater when using the ’full* manoeuvres than vfhen ’semi* 
lifting. This observation is mainly the result of semi stoop 
lifting having much lower placement pressures than full stoop 
lifting (see Sec. Ill 40).
The overall truncal stress as indicated by pressure quotient 
was greater when stoop lifting than when knee lifting (see Sec* III 
4 $ & c), the difference being greater when * full * than when 
♦semi* lifting. Thus, semi knee lifting was found to be less 
stressful than full knee lifting* which was less stressful than 
seal stoop lifting, which was less stressful than full stoop 
lifting. The difference between so ml knee lif ting and full stoop 
lifting was approximately*^^ for lifts of all weights to all 
heights. It will be noted that this parallels the results ob­
tained for maximum peak and mean intra-abdominal pressure.
The observation that pressure quotient increased with in­
creasing height and weight of lift for all techniques confirms 
the observations of Davis and Troup (1966) who noted that when 
erecting pit props at different seam heights for a given technique, 
pressure quotient increased with increasing seam height and 
weight of pit prop. It was further noted in this series that 
the increase in pressure quotient observed with simultaneous 
increase in height and weight of lift was significantly greater 
than the sum of the increases observed when the two factors were 
changed independently* The implication of these findings are 
discussed elsewhere (see Sec. Ill 4 A B and c), It was also 
noted that the decrease observed in pressure quotient when lifting 
from the 0,42 metre level was significantly greater when semi
stoop lifting than when semi knee lifting. This is the reverse 
ol
to) the observation made for peak truncal stress where the decrease 
when lifting from the 0*42 metre level was significantly greater 
when semi knee lifting than when semi stoop lifting. Thus, it
would appear that when lifting from 0.42 metres above floor level, 
the decrease observed in peak truncal stress is greatest in semi 
knee lifting and the decrease in overall truncal stress is greatest 
in semi stoop lifting* It should, however, be noted that in all 
instances, the overall truncal stresses observed in semi stoop 
lifting were significantly greater than those encountered in seal 
knee lifting.
The time of lift did not Vary between techniques, but in­
creased with increasing lift height and increased with increasing 
load weight for all techniques except when semi knee lifting, 
where no significant variation with load weight was observed. These 
observations are in general agreement with Davis, Troup and Bumard 
(1965) who noted that lifts took longer with 20 Kg than when 
the pallet \fas unladen. It is further noted in this series that 
the increase in time of lift with increasing lift height was 
greater when stoop lifting than when knee lifting. Also, when 
semi stoop lifting the increase in time of lift when lifting from 
the 0*42 metre level was significantly greater than when semi 
knee lifting* Both of these observations may be explained by the 
maintainance of higher peak and mean accelerations encountered in 
full and semi knee lifting with changes in starting height and 
increases in heights of lift.
The mean and peak accelerations applied to the load were 
very much greater when using knee manoeuvres than when stoop 
lifting* In the case of peak acceleration, the increase! rwas as 
much as one and a half times* Mean and peak accelerations were 
also greater when ‘full1 lifting than when ’semi1 lifting.
The order of peal: accelerations applied to the load as observed 
in the techniques used therefore appears F*K. >  S.K. ^  ?,s* >► S.S. 
the difference between full flexed knee lifting (F.K.) and semi 
stoop lifting being approximately 40* This is almost a complete 
reversal to the order of peak truncal stresses and as Davis,
(1959 a, b)| Morris, Lucas and Bresler, (l96l); and Davis and 
Troup (1964, 1966) have all noted acceleration of the load to be 
a contributory factor to the magnitude of truncal stresses, it 
seems .likely that the reduction in back hasard could be further 
improved by slowing; the rate of lift, it is noted that if the 
peak truncal stresses per unit of peak acceleration are compared 
then the difference bo tween full flexed imee lifting and semi
stoop lifting is approximately 92^ , indicating semi stoop lifting
as
to be approximately twice as stressful tbdn those stresses 
encountered when full flexed knee lifting. Thus, the efficiency, 
in terms of minimal truncal stress in relation to forces, both 
mean and peak, applied to the load was veiy much greater using 
the Imee manoeuvres than when stoop lifting.
In Imee lifting the forces required to overcome load inertia 
are produced by active extension of the lower limb joints* This 
action is performed mainly by the quadriceps, which is one of the 
strongest muscles groups in the body, and by the powerful hip 
extensors. The trunk, being nearly vertical throughout, is not 
exposed to large flexor forces (see Sec. Ill 4B and c). 1/hen 
stoop lifting, on the other hand, tho trunk is exposed to large 
flexor forces during the accelerative phase, and the stresses 
on tho trunk, musculature, bones and ligaments become very large* 
Further, while the hip extensors are powerful, the total mechanical 
effort is less efficient than that occurring during the knee lifts 
(see Sec. Ill 4A, B and C).
The analysis of trunk inclination and lumbar angle changes 
was performed in the ’semi* lifting series for semi stoop lifting 
only, and is briefly discussed here together with the analysis 
for full knee and stoop lifts (see also Sec. Ill A, B and C).
' The trunk inclination change during the period of peak
truncal stress was greater when full stoop lifting than when semi
stoop lifting, both of which were very much greater than the change
observed when full knee lifting. All three techniques showed
similar variation with changes in height and weight of lift, that
is, an increase with increasing lift height and a decrease with
increasing load weight* In both stoop manoeuvres the effect of
increased load weight resulted in reduced trunk extension during
the period of peak truncal stress (see Sec. Ill 4 A and C). In
full knee lifting this effect with some subjects resulted in
definite trunk flexion (see Sec. Ill 4B). The amount of movement
owas on average small, being less than 3 # but ranged as high as 
24° when lifting 23 Kg, this constituting considerable hazard for 
those subjects in which it was observed.
The lumbar angle change was greater when full stoop lifting 
than when semi stoop lifting, but was similar to the changes 
observed when full Imee lifting. All throe techniques showed 
similar variation with height and ireight of lift, that is, an 
Increase with increasing lift height and a decrease with - 
increasing load weight.
The delay in extension of the lumbar spine and of the trunk 
with increasing load weight is of particular importance when con­
sidering the differences in truncal stresses observed using the
three lifting techniques as discussed previously (see Sec.Ill 
A B & C), The main points are repeated here.
In straight full and semi stoop lifting, during the period 
of peal: truncal stress, the forces acting on the flexed lumbar 
spine are opposed by the pressure mechanism, the posterior , 
spinal ligaments, some muscular component and by compression pf 
of the vertebral bodies and discs.
In full knee lifting the forces acting on tho extended lumbar 
region are opposed by the extensor musculature and the intra­
abdominal pressure mechanism. The extensor role of the Vertebral 
bodies and discs is thus very much reduced in full knee lifting 
when compared idth straight full and semi stoop lifting.
Finally, it was observed that simultaneous increases in 
height and weight of lift disproportionately exaggerated increases 
in certain responses. For example, in the case of pressure 
quotient (overall stress), the increase observed with simultaneous 
increase in height and weight of lift was significantly greater 
than the sum of the increases observed when the two factors (height 
and weight) were changed independently. This confirms the obser­
vations noted in the previous series.
Conclusion
Of the four lifting techniques studied during repetitive 
lifting of two load weights to two lift heights from a) ground 
level and b) 0.42 metres, those employing knee manoeuvres and those 
starting from the 0*42 metre level appeal’ least stressful as shown 
in fig. I*ML,
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SECTION IV
FIELD TRIALS - Metabolic Evaluation of Lifting Techniques 
at C*I*T*B* Centre Bircham Newton, Norfolk.
A), APPARATUS and METHOD
l)* Respiratory Analysis (Fig*145) . 
a* ICofranyi Michaelis Respirometer*
The Kofranyi Michaelis respirometer was used throughoutt 
this work to measure the total volume of expired air and collect 
expired air samples during the lifting activities and recovery.
(Kofranyif Michaelis, 1940; Muller, Frans, 1952;,& Insull, 1954?)*
h. Accessories for the Respirometer*
The Kofranyi Michaelis respirometer was strapped to the 
subjects back and connected via a corrugated rubber tube to the 
subjects face mask* The face mask was a modified R./uP* design 
that was held securely over the subjects mouth and nose by 
straps connected to the headset* This system of expired air 
collection was found to be more comfortable when worn for long 
periods than the usual mouthpiece and nose clip* There is no 
significant difference/'in measurement accuracy in the two 
methods (Dennison et al 1972)*
Two pressure breathing face masks were selected by I.A.K. 
Farnborough to encompass as wide a range of fittings as possible* 
Those selected were the P5/3A and the Q2/5B both of which were 
fitted with chain toggle harnesses* The following modifications 
were carried out*
Fig 143 F ield  T r ia l  Apparatus
A Kofranyi M ichaelis Respirom eter 
B Face mask and support harness 
C U .V .  Recorder 
D EM M A . Medical A m p lifie r  
E Devices Ratemeter
i* The microphone assembly was removed and the ;hole 
plugged securely with a rubber bung*
ii. The inlet air/oxygen line was removed and the by-pass 
line running from the inlet valve to outlet valve tied off with . 
wire*
iii* The outlet of the mask was fitted with.a 5 c.m. diameter 
metal tube 6 c.m*. long* This was secured in position with a 
wire jubilee clip*
iv* A2.7c.a* diameter corrugated rubber tube 72 cm long was 
then connected to the metal tube from the outlet of the face 
mask* The other end was connected to the K-M*
The headsets used to secure the face masks were stripped 
of their earphones but otherwise remained unaltered. In addition 
to the standard headsets a prototype harness from the I*A*M* 
Farnborough was also used* This consisted of 1*5 cm, canvass 
strapping constructed to form four loops arising from each of the 
two chain toggle harness clips (see Fig.143 )• One loop passed 
under the chin and was adjusted by means of a buckle* The second 
loop passed under the ears and round the base of the head and 
iras adjustable by means of velcro. The third loop was similarly 
adjustable and was positioned above the ears and round the back 
of the head. The fourth loop was placed over the top of the 
head and tightened using a velcro strip.
The expired air samples were collected at a rate of 0.6^  
in P.V.C* bladders with a capacity of 2 litres* The connecting 
tube between the K-M outlet and the bladder was fitted with a
gate clamp and identity label* The information on tho label 
included subjects name, date, time on and tine off of meter, 
identification of activity and bag number* This label remained 
on the bladder Until the gas analyses had been completed*
The bladders were evacuated by rolling them up tightly 
before being fitted to the K-E*
c* Calibration of the K-I
Calibration was carried out using a Parkinson Cowan 
Spirometer Type CD 4* The air flow through both meters was 
achieved using a vacuums cleaner*
The exit port of the K-K was connected to the entry port 
of the Standard meter by means of a rubber hose. A second 
hose, fitted with a three way tap, connected the exit port of 
the standard meter with the vac^uum cleaner* By means of this 
pump air was sucked through both meters* The quantity of air 
passed through both meters was given by the difference between 
readings on the counters before and after the passage of air*
If over a known time 50 litres have passed through the Standard 
meter and the K-K only shows 49*5 litres, the correction factor 
for the K-M was 50*0 : 49*5 as 1*01. This correction was then 
used to obtain the corrected air volume flow through the K-M*
The correction factor was calculated for a vafiety of flow 
rates* For K*M* 711285, the correction factor was constant at 1*05 
for flow rates between 5 and 50 litres per minute*
2). Gas Analysis 
a* Infra-red Abgas CO^ Analyser*
The C02 content of the expired air samples was determined
using a calibrated Abgas analyser* The expired air samples to 
be analysed were sucked into the measuring cell through a filter 
by means of a diaphragm gas pump* This pump was also used to 
remove the samples after analyses* The pump was adjusted for 
a test gas flow rate of approximately 60 litres per hour*
Manufacturers Specification:
Range 
Gas flow 
Dimensions 
Weight
Permissible Ambient 
Temperature
Response Time 
Output signal
0-5 per cent
60 litres per hour adjusted 
20 x 30 x 19 cm*
11.5 Kg.
+ 5 ~ + 40°C
93$ time ^  2s.
Dead time 1 sec*
for connection to secondary 
instrument 250/^A A
b* Servomex Portable Oxygen Analyser:
The Og content of the expired air samples was determined 
using a calibrated servomex Portable Oxygen Analyser type OA 272* 
This is similar to the OA 150 described and evaluated by Bills 
and Munn (1968).
The expired air samples to be analysed were blown into the 
analyser using the outlet flow of the Abgas 00^ analyser* By 
adjusting the by-pass valve the analyser flow rate can be kept 
within the specification*
Manufacturers Specification
Ranges 0-5# 0-25 & 0-100 per cent.
Meter - 1$ of full scale of range
selected
Recorder Output 10 mv dc signal into recorder
with high impedance - at 
least 20,000 ohms*
Effect of Ambient Temp* £ 0,05$ 0^ per £ 1° C*
Sample Flow Rate Range 0-150 ml/min
- 0,05$ per £ lOcc/iiiin.
c* Analogic Digital Meter (fig* 144)
To facilitate rapid and easy readout, the outputs from the 
Abgas COg and Servomex 0^ analyser were displayed on an Analogic 
Digital Panel Voltmeter model All 2510-1B* This model was a 
3i digit voltmeter with a differential input circuit which 
provided an input impedence greater than 1000 megohms permitting 
measurements of floating differential voltages not referred to 
ground* It was provided with its own power supply and was capable 
of accepting input signals up to 199*9 mv F*S*
The output from the Abgas CO^ analyser was attenuated then fed 
directly into the Analogic*An attenuator balance was mounted on 
the cabinet of the display meter for calibration*
Tho output from the Servomex 0g analyser, which consisted 
of a 0-10 rnv F*S* on a 20 v* common mode signal, was fed through 
a differential amplifier, powered by a Coutant 0A2 power supply, 
to remove the common mode portion of the signal and amplify the 
relevant changing output signal (0-10 mv)* This output signal
A H B C D E
Fig.] 44 Gas Analysis
A Expired A ir  Sample 
B Syringe F illed  with Ca C l2 
C Abgas C 0 2 Analyser
D Connection between C. & E . filled  with Silica Gel. 
E Servomex 02 Analyser 
H Analogic D igital Display
was then fed into the display meter* An attenuator balance was 
mounted on the cabinet for calibration in addition to a zero control 
connected to the amplifier* A switch was also added for changing between 
the meter inputs of the gases being analysed*
d* Calibration of Gas Analysis System (fig* 145 & 146)*
Four calibration gases were used* These were calibrated using a 
Lloyd Haldane analyser to an accuracy of 0.02^ for duplicated samples*
They were as follows:-
C02 , °2
.Ho* £
1 1.30 17.56
2 2*50 16.68
3 3.36 15*30
4 4*52 14*80
Pure nitrogen was used to zero both analyser meters.
The barometric pressure was recorded using a Wheeler Aneroid 
Temperature Compensated Barometer. Temperature and relative humidity 
were recorded using a standard thermo-hair hygrometer.
i. AbeaS C02 Analyser calibration.
The mechanical zero on the meter was ad justed* then the instru­
ment switched on and left to attain its normal working temperature 
(l hour). The electrical zero of the meter was checked then the 
gas supply pump switched on together with the calibration check 
control. The calibration check simulates a known gas concentration 
(4*00/0 which is registered on the meter as a fixed reference. If 
the pointer of the meter deviated from this mark the position was

CO
m
O-be
adjusted using the sensitivity control#
Once roughly calibrated the output from the Abgas CO^ analyser 
was connected to the Digital meter# With the calibration check still 
operating the attenuation control on the display meter was adjusted 
to give a steady reading of 4*00* The calibration check was then 
switched off and the zero of the display meter checked* The analyser 
was then exactly calibrated using the known calibration gases#
Each calibration gas was drawn from its respective supply cylinder 
into evacuated P*V*C* bladders fitted with three taps* The tap out­
let was fitted to a syringe, filled with CaCl*f which was connected 
to the inlet of the analyser# (fig#144)#
Hitrogen was drawn into the analyser and the display meter sero 
checked# This was followed by gas number 4 (4*52k CO^ ) and the out-d
put on the display meter noted* This was repeated for gases 1 to 3 
and then a final check made by repeating the process with gas 4*
A non-linear calibration curve was constructed from the results 
as shown in fig* 145 * Spot calibrations were completed throughout 
the experimental runs and full calibrations before the morning and 
afternoon sessions* The instrument was always left switched on during 
the midday break and this may account for the slight variation between 
a*m* and p*m* calibrations* (fig*i45)
ii* Servomex 0  ^Analyser calibration
The internal batteries of the instrument were checked before 
calibration* The 'amplifier sero* was then selected on the main 
switch and adjustments made to the amplifier sero control until the 
meter read between 0 and 5 on the 25k scale* The outlet from the 
Abgas COg analyser was connected via a tube containing silica gel 
to the inlet of the Servomex and nitrogen passed through to accurately
sero the meter* The 5$ range was selected and the gas flow stopped 
hy switching off the Abgas pump* The mechanical sero of the ampli­
fier was then adjusted*
The 25k range was selected and normal room air passed through 
the analyser using the Abgas pump* The flow as stopped and the 
span control adjusted to give a reading of 20*9k:l Nitrogen was then 
passed through to check this sero*
The output from the Servomex was connected to the Digital 
meter via a differential amplifier* Using the attenuator and sero 
control of the amplifier the signal output on the display meter was 
made zero. The highest calibration gas (17.50,. 0.,) was then passed 
through the analyser using the Abgas pump and the attenuator ad­
justed until the display meter read 17*56* The other three cali­
bration gases were then passed through the analyser and the display 
output noted* The sero was again checked using nitrogen*
A linear calibration curve was constructed from the results 
as shorn in fig*146 * Spot calibrations were completed using the 
17*56k gas and the zero checked using nitrogen throughout the 
experimental runs and full calibrations before the morning and 
afternoon sessions# There was only slight variation between a*m* 
and p*m* calibrations (fig#146)*
e* Analytical
i. 02 Consumption
The 02 Consumption vias determined as follows:
X. The C02 and 0,, content of the expired air samples were 
recorded* The CO^ content as recorded from the display meter was 
corrected using the Abgas calibration curve (see fig*145)* The 
content was read-off directly from the display meter*
II. The ’true 0 * was then calculated using the followingd
formula:
•true O ' = °g Inspired „ J} E3mired _ 0 Expirea.
H2 Inspired
Where Hg Expire4 = )10Q «. (Og Expired COg Expired) j
Thus ’true Og* = /ICO - (Og Exp, + COg Exp.) j - Og Exp.
Ill* The volume of the expired air for the duration of the 
sample was determined by taking the differences in meter readings 
between the start and end of the collection and multiplying the 
result by the K-K calibration factor* The volume was then corrected 
to S.T.P.D. and divided by the duration of the collection time to 
give volume flow rate in litres per minute*
IV* The pulmonary ventilation was then multiplied by the true
0„ to give CL consumption in litres per minute
ii. Energy Expenditure
To calculate the metabolic cost of a given phase of the ex­
perimental sequence the following formula was used:
Energy expend. (lCeal/hr) = 0^  cons* (litres/min) x 60 x 5.0 
The factor 5*0 is an average value representing the calorific 
equivalent of 1 litre of oxygen consumed during moderate activity.
As most common forms of work require an expenditure of energy 
which is directly proportional to the body weight the metabolic costs 
were expressed on the basis of a standard man weighing 70 Kg* Thus
energy expenditure was expressed as follows:
Kcal (Standard man) ~ 0^ (litres/min) x ^ o
iii. Gross efficiency
Gross efficiency was defined as follows:
■ External Work Bone x 100 
Gross energy used
The external work done was calculated for both loads from both 
starting heights and converted to Kcal. from joules. This was then 
divided by the gross energy expenditure in Ileal, and the result 
expressed as a percentage.
3)* Heart Rate Analysis
Since the Kofranyi Michaelis respirometer only gives an in­
dication of the average energy expenditure over a period of time, 
the subjects heart rate was monitored continuously throughout the 
experimental period to observe the more discrete changes in energy 
expenditure (Muller; 1964-)* The recordings were made on an E.M.M.A. 
and an Ultra-Violet recorder (see p* 163 )* A Devices ratemeter 
type 2751 was also used to obtain an integrated heart rate which 
was displayed together with the raw data at a paper speed of 12.5 cm 
per minute with an interval time base of one minute.
Self adhesive chest electrodes, with an earth 011 the shoulder, 
were used to pick-up the electrical activity of the heart.
i. Analytical
The heart rate record was analysed by counting the number of 
beats recorded for each minute of the experiment* In the statistical 
analysis only the last and first five minutes for resting and 
recovery respectively were considered. During the lifting activities 
each minute was considered.
It was noted that both resting and working heart rates were 
higher in the p.m. sessions than in the a.m. session* To eliminate 
this source of variation, the mean resting heart rate, prior to an 
activity, was subtracted from the mean working heart rate (min-min) 
to obtain the mean increase in heart rate arising from the work 
(Work pulse: Kuller 1950}* when comparing the work pulse alone 
for a.m* and p.m. cessions no significant difference;was observed.
Thus work pulse and similarly recovery pulse were used to compare 
activities regardless of time of day. .
■ 4). -loads
Two types of material were used as loads. The first comprised 
hollow concrete blocks (23 x 23)% 46 cm), weighing 29.7 Kg* each.
The other material used was concrete gulley kerbs (ll x 15 x 100 cm) 
weighing 55*2 Kg each. Both materials were stacked on pallets and 
out of the experimental situation, wero handled by an electric fork 
lift, Tliis served a dual purpose. Firstly, it enabled the materials 
to be changed easily between experimental runs, and it also acted 
as the starting height, when suitably raised (0.42 metres), for the semi 
manoeuvres.
5)* Photographic Equipment,
An Agfa Hover Reflex Standard 8 mm camera type 5142 was used 
to record the lifting techniques. Four photo-flood bulbs were used 
with Kodachrome 25 ASA film.
The 3rd, 4th and 5th and last three lifts using the four lifting 
techniques for each material were filmed for each individual. These 
records were later analysed to check that each subject technique 
remained constant throughout the experimental runs.
6), Anthropometry
Subject height was recorded using a Holtain anthropometer 
and weight recorded on a Herbert and Sons Ltd., beam balance.
Skinfolds were taken over triceps and subscapular using a ilarpenden 
Skinfold caliper.
7). Statistical Treatment *
For statistical purposes an analysis of variance of the 
dependent variables was performed as described in Sec* III 3d,
P* 192 *
The dependent variables examined were as follows;
I Respiratory Changes
a* consumption during activity and recovery 
b* Energy expenditure during activity and recovery 
c. Gross efficiency during activity*
II Heart Rate Changes 
d* Work pulse 
e* Recovery pulse
b ). EXPSRiiiemh .
a. Anthropometry
Five subjects participated, all being males between 25 and 
50 years of age. Four anthropometric dimensions were taken from 
each subject together with age to the nearest half year. The 
anthropometric dimensions were as follows;
i. WEIGHT; the subject was weighed on a beam balance to the 
nearest 50 gm. The subject was fully clothed with safety shoes, 
working overalls and protective gloves.
ii. STATUREi as "before (see p.166 )
ill, SKXIFOLDS:
a)* Over triceps: The skinfold was picked up between thumb 
and .forefinger from the back of the arm and the calipers applied • 
to the half way point between the inferior border of the acromion 
process and the tip of the olecranon process* The measurement was 
read 2 seconds.after the full pressure of the calipers was applied 
to the skinfold and recorded to the nearest 0*1 nn*
b). Subscapularis: The skinfold was picked up under the angle
of the left scapula and the fold pointed vertically.. The calipers 
were then applied and the reading taken after 2 seconds to the 
nearest 0*1 mm*
The results are summarised in Table. 39 together with means, 
standard deviations, and ranges, and Table. 40 gives the individual 
data.
b. Electrode Positioning 
r-
The electpdes were positioned at the upper end of the sternum
and slightly medial of the mid left clavicular line in the fifth
intercostal space. These areas were shaved and vigorously rubbed
with cotton wool soaked in alcohol. A small sponge soaked in a
saline solution was then placed in the centre of each electrode* 
were .
The electrodes/then ax>plied to the subject using double sided
radhesive discs* The leads from the electpdes were connected via a' I
junction waist belt socket and umbelicus to the recording system.
c* Kofranyi Kichaeli3 Fitting (Fig.147)
The K~H was strapped to the subjects back as shown. In 
positioning the straps the vicinity of the earth electrode on the 
left shoulder was avoided.
fZ t *3
TABLE 39 OF MEANS, STANDARD DEVIATIONS AND RANGES OF SUBJECTS DATA
MEAN S.D. RANGE
Stature (CM) 177.1 5 .6  170.6 -  183.2
Weight (Kg) 79.5 11.4 6 7 . 6 -  92 .3
S k in fo ld s :-
Triceps (mm) 7 .0  2 .8  4.6 -  11.8
Subscapular (mm) 12.9 4.6 7.2 -  19.0
Age (years) 38.8  9.1 25. -  50
TABLE 40 OF INDIVIDUAL DATA
1 2 3 4 5
Stature (CM) 170.6 173.7 183.2 182.6 175.5
Weight (Kg) 74.5 72.0 92 .3 91 .0 67.6
S k in fo ld s :-
Triceps (mm) 4.6 6.5 6 .8 11.8 5.2
Subscapular (mm) 13.0 10.0 15.2 19.0 7.2
Age '(Years) 50 41 41 25 37
Fig i4/? Subject preparing to stoop lif t  a concrete block from  ground 
level.
d* Lifting Tasks
The task used to evaluate the different handling techniques was 
the familiar one in the construction industry of loading a dumper 
truck# ¥ith this task the height of the lift from ground level had 
to exceed 1*03 m# to allow the load to clear the front edge of the 
bucket#
•The materials were placed on two wooden battens 3 'em# thick to 
enable the subjects to develop more secure hand grips during lifting#
e# Lifting Techniques* {Pigi>^ ;i48)« ^ v
four types of lift were used:
4)# Straight Full Stoop
B)» Straight Full Flexed Knee
C). "Straight Semi Stoop
and I))# Straight Semi Flexed Knee#
All the lifts were symmetrical manoeuvres initially followed 
by a 90 degree rotation for load placement into the dumper truck#
Each subject lifted the two materials from:- 
I* ground level into the dumper truck, and 
II* 0*42 metres into the dumper truck.
The concrete blocks were lifted at a rate of three per minute 
for seven minutes, that is, twenty-one blocks loaded by each subject 
in each position* The gulley kerbs were lifted at two per minute 
for eight minutes# (External work rates calculated for these activities 
were 11#85 end 7*01 watts for iUll and semi manoeuvres for kerb 
handling and 15*00 and 8*87 watts for, full and semi manoeuvres for 
block handling)*
Resting
Kerb Knee L ift Block Stoop L ift
Block Semi-Stoop L ift Kerb Semi-Knee L ift
Fig ]48 Showing scenes taken at Bircham Newton during the field tria ls  
of handling techniques.
The two postures adopted for each of the starting heights for 
each material were the same, as those described previously ;(see 
Section III, B) 2) f. pp. 180 )
Once the load had been lifted the subject stood in position 
for the nett lift in the sequence of 21 or 16, depending on the 
material being handled* The pacing of the lifts was done by the 
subject who had a large minute sweep clock directly in front of 
him marked in cither three per minute for block lifting or in 
two per minute for kerb lifting. The subjects were asked to per­
form all the lifts smoothly.
To confine the subjects work only to lifting, each kerb or 
block was placed in front of the subject by a labourer, thus mini­
mising movements other .than lifting, in addition to keeping the 
height of the lift constant. The labourer was also responsible 
for unloading the material from the dumper truck for the next run 
whilst the subject recovered.
Each experimental session started with the subject resting for 
thirty minutes in the sitting position. This was followed by one 
of the four lifting techniques.with one of the materials. A 
recovery and fifteen minute rest period followed* This was followed 
by another lifting method until all four lifting techniques had 
been completed together with their respective recovery periods.
The total time taken was 126 minutes for blocks and 130 minutes for 
kerbs.
Two hours after the midday meal the process was repeated using 
the otliar material. In both periods, activity, recovery and initial 
resting expired air samples and volumes were recorded. Heart rate 
was monitored continuously*
The lifting order in terms of technique and materials differed 
(Set pp 3%)
for each subject*^  Each subject was instructed and practised in the 
four handling techniques and was accustomed to wearing the K-K prior 
to. the experimental sessions*
C)* RESULTS
The full results are shown in Appendix II* In this section 
mean values are considered in Tables 41 to 44 , and graph form 
(figs.149 tdL57 )* Flier ever a difference is quoted, it is sig­
nificant at the 0*001 level or better unless otherwise stated* As 
will be seen, the standard errors are in some instances large in­
dicating individual variation, but the results in general for a 
given lifting activity showed good consistency*
l). Respiratory Analysis
Analysis of variance for?-
i) Individuals (Five subjects)
ii) Technique I (straight Full or Semi Stoop Lifting
(F.S* or 8.3* and Full or Semi 
Flexed Knee Lifting (P*K* or 3*K#)*
ill) Technique II (straight Pull Stoop or Full Flexed
Knee Lifting (p*S* or F*E.) and
Straight Semi Stoop or Semi Flexed
Knee Lifting (S*S* or S*K*).)
iv) Materials (Blocks and Kerbs)*
ACTIVITY Metabolic Changes
l) Oxygen Consumption Fig#
Oxygen consumption was in general greater when knee lifting 
than when stoop lifting, the difference being greater when ‘full* 
lifting than when using the ♦semi* manoeuvres*
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Oxygen consumption was greater when block lifting than when 
kerb lifting#
2)# Ener/or Expenditure per Standard Kan Fig# ,150
Energy expenditure was in general greater when knee lifting 
than when stoop lifting (p^0#025), the difference being greater 
when full lifting than when using*semi1 manoeuvres#
Block lifting required a higher rate of energy expenditure 
than when kerb lifting#
3)# By comparing the total external work done with the total 
energy expended, gross efficiency was calculated for each technique 
and both materials#
Gross Efficiency Fig#, 151
Gross efficiency was in general greater when stoop lifting than 
whenknee lifting, the difference being greater when using •full* 
manoeuvres than when using the ♦semi* manoeuvres#
Block lifting was more efficient than kerb lifting#
The increase in gross efficiency when block lifting was in 
general greater when using the semi knee lift , than when semi stoop 
lifting (p^ 0*025)*
1)* Oxygen Consumption
Oxygen consumption during recovery did not vary significantly 
between techniques, materials or individuals#
2)4 Energy Expenditure ner Standard Nan
Energy expenditure during recovery did not vary significantly 
between techniques, materials or individuals*
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2)# Heart Rate Analysis
Analysis of variance for:-
i)» Repetitions (Seven minute by minute analyses) - the
last minute (8th) was omitted for Rerh 
lifting*
ii)* Technique I (straight Full or Semi Stoop Lifting
(f.S* or S*S.) and Full or Semi Ihee 
Lifting (F*K* or S*K*)*)*
iii)* Technique IX (full Stoop or Knee Lifting (Fas. or F«K*)
and Semi Stoop or Semi Knee Lifting 
. - ' ' (S*8*’ or S.K,)*)* .
iv)» Materials (Blocks and Kerbs)*
v)* Individuals (Five subjects)
Activity
2*)» Work Pulse Figs* 152-154 . . .
The work pulse increased with time during the lifting sequence, 
the increase being greater during the first two minutes for all 
lifting techniques*
The mean values for work pulse were in general greater when 
using the knee manoeuvres than when stoop lifting, the difference 
being greater when ’full1 lifting than when using the ‘semi* manoeuvres*
The increase in work pulse was in general greater when block 
lifting than when kerb lifting*
The increase in work pulse with tine was in general greater when 
using the •full* manoeuvres than when 'semi1 lifting, the difference 
being greater when block lifting than when kerb lifting (p< 0*005)*
1). Recovery Pulse Fi^s* 155-157
The recovery pulse decreased with time, the decrease being 
greatest during the first two minutes for all lifting techniques*
The mean values for recovery pulse were in general greater after 
using the knee manoeuvres than after stoop lifting (p^L O.Ol), the 
difference being greater after using the •full* manoeuvres than after 
,semit lifting.
The rate of recovery was in general greater after ‘full* lifting 
than after * semi1 lifting*
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Discussion
The results demonstrate that those manoeuvres employing ’semi* 
lifting, whether knee or stoop* required loner energy expenditures 
in terns of oxygen consumption, energy expenditure per standard 
man, work pulse changes during time of the lifting sequence and mean 
values for work pulse, than those observed when full stoop or knee 
lifting* It is equally clear that the knee lifting manoeuvres re­
quired greater energy expenditures than those observed when stoop 
lifting*,
The first point may be explained by the fact that in the •seal1 
lift situation, the lift height is 42}o less than that used in the 
<full< lift manoeuvres, therefore more external work is performed 
when 1 full * lifting than when ‘soni* lifting, thus requiring a 
greater energy expenditure. Lifting the materials from ground level 
increased the energy expenditure in the whole group by an average 
of 18^ compared with a starting height of 0.42 m* The comparable 
average figure for increased mean work pulse was 26 «!?/*• In an in­
vestigation on stacking materials into a pile 1*5 m. in height, 1 m., 
in depth, and 1016 Eg* total weight, Muller et al (1957), with com­
parable materials (28 Kg blocks), noted a 38^ increase in energy 
expenditure when taking the blocks from ground level as opposed to 
starting from 0.5 m*
It is noted that the c/o increases observed in energy expenditure 
and mean work pulse are lower than the increase in height of lift 
required when lifting from ground level as opposed to the height used 
when *seaif lifting. This observation is quantified in gross
efficiency which shows the full lifting manoeuvres, whether knee or
stoop* to be more economical in terms of energy expenditure and moan 
work pulse than either semi stoop or semi knee lifting manoeuvres* 
(5*04 & 4*66$'for full stoop and knee lifting and 3*35 and 5*20$ 
for semi stoop and knee lifting respectively using block materials)* 
This observation is partly explained by another result noted* in that 
gross effeeienoy was significantly higher when working with block 
materials as opposed to kerbs and that this difference may be 
accounted for by the rate of work being higher then block lifting 
than when kerb handling. This suggests that within the limits of 
these experiments* the higher the work rate the greater the gross 
efficiency* Therefore* in terms of full and semi lifting manoeuvres 
the result that semi lifts involve a 42$ lower lift height and hence 
a lower work rate, is not inconsistent with the finding that ♦semi* 
lifts are less economical than full lifting manoeuvres#
Further support to this finding is given by the results noted 
in Section 111* The mean and peak forces applied to the load are 
much greater when using the •full* manoeuvres than when * serai * 
lifting* This suggests that in the •semi* manoeuvres* the mechanical 
efficiency of the prime movers is reduced resulting in smaller forces 
being applied to the load over a longer period of time which could 
result in a reduction of gross efficiency* In the semi manoeuvres, 
particularly stooping* the initial phase of the lift is performed 
by the smaller muscles of the upper trunk which are less efficient 
in relation to the efficiency obtained by using the slower acting 
larger muscle groups of the trunic and legs*
The observation in this present investigation that stoop man­
oeuvres* whether Ihll or semi* required lower energy expenditures
than those observed when knee lifting is not inconsistant with the 
results of Davis & Arnott (1966). Das (1954) notes that in the 
case of very light loads and in the case of one subject, for loads 
up to (25 Kg) in weight, considerable economy,in total energy ex­
penditure can be affected by adopting the body bending method* He 
does point out that for heavier weights the nett mechanical 
efficiency of knee lifting is greater than that for body bending*
In tills present series, lifting the materials using knee manoeuvres 
increased the energy expenditure in the whole group by an average 
of Op compared with stoop lifting* The comparable average figure for 
increased mean work pulse Was 7$*
Davis and Arnott (1966) noted smaller cardiac costs in subjects 
stooping than when beMingthe knee. However, they noted that in 
some subjects stoop lifting was accompanied by bradycardia, and this 
they suggest may account for the observed difference in cardiac 
costs between lifting techniques*
This difference between the energy expenditures of the two 
techniques may be accounted for by the extra amount of work used in 
raising and lowering the subjects centre of gravity whilst knee bending. 
This is supported by Huller et al (1957) who noted energy expenditure 
to be 50$ higher when lifting from ground level as opposed to a 
starting height of 0.5-1*0 m. They considered the increase was due 
to the extra amount of lowering and raising of the body when 
lifting from the ground level•
Khilst it is clear that kneo manoeuvres, whether full or semi, 
require greater energy expenditure, mean work pulse increase and have 
lower gross efficiencies than' stoop manoeuvres the differences 
observed between the techniques were small* hlien lifting from grounds
level the difference in energy expenditure amounts to a maximum of 
approximately 240 Kcal per day between stoop and knee manoeuvres*
This is equivalent to 60 gms of carbohydrate which can be provided 
by the intake of one standard jam sandwich* The heart rate 
difference between techniques was also small being approximately 
5 beats per minute* Hhen considering differences in lifts for 
heights above ground level, the metabolic requirements and differences 
were much less than those lifts from ground level, and would not 
significantly effect food or other requirements# This is reinforced 
by the observation that oxygen consumption and energy expenditure 
during recovery show no significant variation between techniques, 
materials or individuals* The heart rate differences during recovery 
were greater for the ffull* and knee manoeuvres* This variation was, 
however, minimal by the end of the recovery period showing this also 
to be of little significance in the practical working situation
Conclusion
Of the four techniques studied during, the repetitive lifting 
of two materials from a) ground level and b) knee height into a 
dumper truck, those techniques employing stoop manoeuvres and those 
techniques employing semi lifts entailed least energy outputs* It 
is however, noted that the differences are so small as to need only 
minor consideration in terms of application of the handling techniques 
in the normal working environment and it is clear that the new 
lifting methods should not lead to any material increase in fatigue 
at work*
Summary of Exporiaental Work
1)* Accident Record Survey
In this investigation industrial accidents and particularly 
handling incidents were observed to occur more frequently in the 
younger population in the construction industry. This was also 
true of trunk injuries arising from material handling* ■ While;', 
trunic injuries incurred during material handling in general decreased 
with increasing age, the 31-56 and 52-54 year age groups had more 
trunk injuries than those immediately above and below them. This 
strongly supports the suggestion that back injuries arise commonly 
either as the result of a direct accident, or as the result of the 
accumulation of minor damage over a number of years*
Industrial accidents also appear more in certain trained pro­
fessions than in others. Together, manual handling of materials and 
persons falling appear to be the two major causes of accidents.
The average time lost as a result of an industrial accident is ' 
approximately 44 days* Taken as a national average for1 the con­
struction industry, it would account for a loss of one and three 
quarter million days in 1969, this being equivalent to one quarter 
of the total time lost due to industrial stoppages and representing 
£14* millions in lost wages alono.
2)0 Field Survey of Kxictlu? Handling Tables.
In analysing some of the existin'; handling tasks, as carried out, 
it became clear that a great deal can be done by means of work study 
to increase the per capiturn output in the construction industry 
particularly where 1 conventional* methods are being used* It is
equally clear that an extension of palletisation of loads and provision 
of simple and more complex lifting devices could offset much poten­
tially dangerous activity, although where this provision was applied 
it would still leave much manual handling to be. undertaken* Most 
continuous heavy lifting was performed by semi skilled and un­
skilled workers although intermittent heavy manual lifting is performed 
by almost all personnel* Further, most heavy lifting and handling 
was performed "in a stooping posture which lias been shown to engender 
large peak spinal'stresses in those employing such techniques*
This position is achieved by keeping the legs straight and move­
ments within this posture invariably involve twisting movements of 
the trunk (axial rotation)*
The relative degrees and ranges of movement varied considerably 
from site to site and from one workplace to another. Likewise the 
frequencies, handling height ranges and weights varied considerably, 
the only constant factor being the body postures adopted. It 
rapidly bee; e clear that very large spinal stresses were being 
sustained by many workers, and further that many of these dangerous 
situations were, avoidable had there been'adequate training based on 
a proper apprisal of handling methods*
3)*. Trunk Stress Analysis
The order of principal responses observed during the various 
lifting experiments is shown in Table 44 * These indicate that
whilst lifting time varied little between techniques, the forces 
applied to the load were very much greater when full or semi flexed 
knee lifting than when stoop lifting, whether by lateral, full or 
semi manoeuvres* Despite this, the stresses observed on the subject 
when full or semi flexed knee lifting were significantly less than
L I F T I N G  M E T H O D
F U L L S E M I
EFFECTS ON OPERATIVE LATERAL
STOOP
STRAIGHT
STOOP
FLEXED
KNEE
STRAIGHT
STOOP
FLEXED
KNEE
Peak l i f t in g  stress 
(1s t peak pressure)
1 2 4 3 5 1
Peak placement stress 
(2nd peak pressure)
1 2= 2= 5 2=
Mean stress 
(mean pressure)
1 2 4 3 5
Overall stress (mean 
pressure x time)
1 2 4 . 3 5
Trunk in c lin a tio n  
change at 1st peak
* 1 3 2 *
Lumbar angle change 
at 1st peak
* 1 = 1 = 3 *
EFFECTS ON LOAD
Mean vertica l 
acceleration
5 2 1 4 3
Mean externally  
applied force
5 2 1 4 3
Peak v e rtica l \ ‘ 
acceleration \
4= 3 1 = 4= 1 =
Peak externally  
applied force
4= 3 1 = 4= 1 =
Time of l i f t 5 1 = 1 = 1 = 1 =
Table 44 Order of principal responses observed during the various 
l i f t in g  experiments. The order of each measurement is 
indicated as decreasing from 1 (highest response) to 5 
(le a s t response).
those observed when lateral, full or semi stoop lifting and it sccias 
likely that further reduction in back hazard could bo achieved by 
slowing the rate of lift when semi or full knee lifting*
Thus, semi knee lif ting was found to produce less subject stress 
than full knee lifting, which was itself less stressful than semi 
stoop lifting, which was less stressful than full stoop lifting, which 
was itself less stressful than lateral stoop lifting*
3hi all lifting experiments, it was noted that truncal stress 
increased with increasing load,, weight and lift height* Further, 
it was noted that simultaneous increases in lift height and load 
weight disproportionately exaggerated the truncal stress increases 
observed in all lifting manoeuvres*
4 )* Field Trials ,
Having established the truncal stress pattern for the range of 
manual handling as observed in the field and .having devised methods 
of handling that reduce peal: truncal stress the final phase was to 
evaluate the energy requirements of each technique and compare them 
with one another# This was necessary to ensure that any alternative 
handling technique whilst reducing truncal stress, does not unduly 
increase the energy demands on an operative*
The results demonstrated that those manoeuvres employing*semi* 
lifts, whether knee or stoop, required lower energy expenditures than 
those observed during full stoop and knee lifting* It was equally 
clear that the knee lifting manoeuvres required greater enegy expen­
diture than those observed when stoop lifting whether full or semi 
stoop* However, the differences observed between the techniques 
were small, at the worst amounting to 240 Kcals per day* The heart
rate differences between techniques was also small, being approx­
imately 5 beats per minute* These results indicate that the new 
lifting methods should not lead to any material increase in fatigue 
at work*
Conclusions
The results reported here show that industrial accidents and 
particularly handling incidents occur more frequently in the younger 
population in the Building and Construction Industry* This is also 
true of trunk injuries arising from manual handling* Industrial 
accidents also appear more frequently in certain trained professions 
than ih others# Together manual handling of materials and persons 
failing,appear to he the two major causes of accidents# The average 
time lost as a result of an industrial accident is approximately 
44 days# '■
In analysing some of the existing handling tasks, as carried 
out in the construction industry# it '■■was'noted that most continuous 
heavy lifting was performed by semi skilled and unskilled workers 
although intermittent heavy manual lifting is performed by all 
personnel* Further,most heavy lifting and handling was performed in 
a stooping posture. which lias been shown to engender large peak spinal 
stresses in those employing such techniques # This position is 
achieved by keeping the legs straight and movements within this 
posutre invariably involve twisting movements of the trunic (axial 
rotation)*
The relative degrees and ranges of movement varied considerably 
from site to site and from one work-peaee to another* Likewise the 
frequencies, handling height ranges and weights varied considerably 
the only constant factor being the body postures adopted# It 
rapidly became clear that very large spinal stresses were being sus­
tained by many workers*
It also 1)60213© clear that a great deal can he done by means of 
work study to increase the per capitum output in the industry 
particularly where •conventional* methods are being used* It is 
equally clear that an extension of palletisation of loads and 
provision of simple lifting aids could offset much potentially 
dangerous activity, although where the provision was applied, it 
would still leave much manual handling to be undertaken*
The results of the laboratory studies, in which the tiro main 
lifting techniques observed in the construction industry were ex­
amined during the repetitive lifting of three load weights to three 
lift heights, showed that both straight full stoop and lateral full 
stoop lifting manoeuvres produced large truncal stresses* Hhilst 
the stresses in both manoeuvres were excessively high the stresses 
were greater when using the lateral full stoop lift than when straight" 
full stoop lifting. Further, whilst it was' noted that truncal 
stress increased with increasing load weight, confirming previous 
observations, it was also noted that increasing lift height was an 
important truncal stresses parameter. In addition it was observed 
that simultaneous increases in lift height and load weight dis­
proportionately exaggerated the truncal stress increases in both 
lifting manoeuvres*
In a further series, during which an attempt was made to reduce 
the magnitude of truncal stresses, as observed in those techniques 
employed in the construction industry, it was found that full flexed 
knee lifting appeared less stressful* However, the tendency with this 
technique for the trunic to become more horizontal during the period 
of peak truncal stress may offset the apparent advantage of this 
method of lifting. This finding confirms previous observations.
, Further» it is noted that during the initial phases of the lifts#
for both straight full stoop and full flexed laioo lifting# the 
lumber vertebrae are fixed and their extension begins at a variable 
level with the different weights, the onset of extension being 
earlier with mailer "weights than heavier ones* The signifieanee Of 
this discussed in toms of trunk rechanies is i-hatxin.,fuii:rflexed knee 
lifting the lumbar- ©pine is extended whereas'in stral^it full stoop 
lifting-it is flowed#' '•
As noted in. the previous series the increase'in' truncal stress' 
observed with sigmltenaous increases i a  .height and of lift
was sigaificEintly greater than the sum of the increases observed 
when the two factors were changed -independently*
To investigate further the role of.height m  a factor con­
tributing to truncal stress# a further series of laboratory ex­
periments g was im&crisken in which the lead was Ilf tod from a raised 
secondary platform as opposed to ground level* Of .the .two lifting 
manoeuvres studied# that using the semi .flexed knee technique 
appears least stressful*. It is likely that the reduction in back 
hazard using this technique could be further improved by slowing the 
rate of lift#
In a final scries using four lifting teclmiques during rapetitivo 
lifting of two load weights to two lift heights from a)#, ground level 
and b)# 0*42 metros, those employing Icaee Manoeuvres and those 
starting from 0*42 metres appear least stressful#
Finally#- the results obtained from a Hold metabolic trial • 
demonstrate that those techniques employing stoop lifts and those 
teelmiques employing cemi lifts entailed least energy outputs*
It is however, noted that the differences are so small as to need 
only minor consideration in terms of application of the liandling
f
techniques in the normal .working1 environment and it is clear that 
the new lifting methods, that is, full flexed knee lifting and 
serai flexed knee lifting, should not lead to any material increase; 
in fatigue at work.
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APPENDIX X
TRUNK: STRESS AKALTS: DATA
DEFINITIONS:
BY Stoop «* Straight full stoop lifting from ground level 
Ii* Stoop - lateral fall stoop lifting from ground level 
P. Knee - Straight full flexed knee lifting from ground level 
S* Stoop «* Straight semi stoop lifting from 0*42 m.
S* Knee - Semi flexed knee lifting from 0*42 m*
Weight of lift:
3 Kg 
15 Kg ■
25 Kg
Lift to a height of:
0*42 m 
1*11 m 
1*53 m
1?*B*
1)* Pressure quotient is omitted from the folio vang but can 
be derived by multiplying the mean intra-abdominal pressure 
(m.m* Hg*) with the duration of the lift (sec*).
2)* Mean and peak forces are likewise omitted as they can 
be derived by multiplying respective accelerations (m.sec*” ) 
with the loads (Kg.).
VI t • 
1 
2
3 '
Ht*
1
2
3
Subject No: 1, S.L.
Lift 
P. Stoop
Intra-abdominal 
pressure (ra.m.Hg)
Time 
(sec.)
Load acceler: 
(M.sec.
Angle change 
during 0-0.63.
Ht • Wt . 1st.Pk. 2nd.Pk. Kean Kean. Peal:. Lumbar Trunk
1 1 0 10 3.9 1.2 1.39 - -4 36
2 1 0 8 8.1 2.2 0.92 - 0 31
3 1 0 20 11.1 2.2 1.78 - 5 60
1 2 98 86 81.7 1.3 1.20 - 0 30
2 2 76 90 66.5 1.8 1.52 - 0 33
3 2 124 76 67.6 2.0 1.91 - 3 40
1 3 166 114 125.94 1.3 1.22 - -4 11
2 3 178 150 85.9 2.0 1.06 ■ - -2 19
3 3 168 76 111.7 2.0 1.89 - 1 40
L.Stoop -
1 1 12 6 7.2 1.7 1.05 - - -
2 1 k20 16 8.1 2.2 1.11 - - -
3 1 28 20 11.1 2.2 1.05 - - -
1 2 72 64 57.1 1.8 1.28 - - -
2 2 112 76 60.1 2.5 0.89 - - -
3 2 90 76 61.9 2.5 1.17 - - -
1 3 150 88 75.9 1.7 1.51 - - ■ -
2 3 200 100 115.9 1.8 1.64 -  . - -
3 3 202 90 134.8 1.7 1.44 - - -
Subject 
F.Stoop 
1 1
Ho: 2 
0
1sB. 
0 0.0 1.8 0.81 7 25
2 1 0 0 0.0 1.6 1.72 - 18 53
3 1 0 10 0.0 1.6 2.56 - 26 .81
1 2 20 35 21.7 1.6 0.78 - -1 22
2 2 30 50 25.0 2.0 1.61 - 10 48
3 2 40 45 36.3 1.8 1.53 - 23 48
1 3 40 55 34.5 1.6 0.61 - 1 17
2 3 50 42 20.4 2.0 1.56 ■ - 4 39
3 3 . 35 75 27.6
-------
1.8 1.67 21 65
q u u j u c u  ^ T.-tt. V^OB'UlIlUeciV
Lift Intra-abdominal Time Load acceler: Angle change
L.Stoop pressure (ra.m.Hg) (sec.) (M.sec. during 0-0.6s.
lit. Wt. Ist.Pk. 2nd.Pk. Mean Mean. Peak. Lumbar Trunk
1 1 0 0 0.0 1.9 0.67 -■ - -
2 1 0 6 4*6 2.0 1.44 - - -
3 1 0 15 6.8 1.9 2.94 - - -
1 2 45 42 22.8 2.2 0.92 - - -
2 2 45 45 26.9 1.8 2.22 - - -
3 2 25 40 23.9 1.8 1.69 - - -
1 3 68 85 • 49.3 1.8 0.85 - - -
2 3 90 60 30.4 1.7 1.61 - - -
3 3 50 50 41.5 2.0 1.36 - - -
Sub.iect No. 5 B.C.
P.Stoop
1 1 13 9 6.1 1.8 1.47 - 14 46
2 1 20 7 5.6 1.7 1.44 - ' 27 62
3 1 14 3 4.4 1.6 2.08 - 26 70
1 2 30 22 18.5 1.6 1.81 - 7 54
2 2 36 29 15.8 1.8 1.22 - 0 43
3 2 26 55 24.0 2.2 1.25 0 35
1 3 52 58' . 35.9 1.8 1.25 - -1 34
2 3 60 62 42.9 2.2 0.94 - 3 27
3 3 56 68 45.9 2.0 1.64 - 9 45
L.Stoop
1 1 0 14 6.8 1.8 1.33 - -
2 1 0 6 3.4 1.6 2.53 - -
3 1 0 14 11.5 2.0 1.89 - - -
1 2 45 44 27.2 2.4 0.86 - - -
2 2 45 36 8.4 1.8 2.06 - - - .
3 2 25 58 34.3 2.0 1.92 - - -
1 3 68 75 49.7 2.2 1.42 - - -
2 3 90 58 44.7 2.0 2.03 - - -
3 3 50 70 49.7 -2.6 1.19
Lift Intra-abdominal lime Load acceler: Angle change
P.Stoop pressure (m.m.Hg) (sec*) (M.sec. during 0-0.6s.
Ht. Wt. Ist.Pk. 2nd.Pk. Kean Mean. Peak. Lumbar Trunk
1 1 0 . 0 0.0 1.4 1.25 — 2 36
2 1 0 0 0.0 2.3 1.16 - 0 26
3 1 0 0 0.0 2.8 1.30 - 10 44
1 2 6 12 3.5 1.2 1.36 - 8 26
2 2 23 66 25.8 2.0 1.11 - 8 33
3 2 52 26 22.6 2.0 2.11 - 19 51
1 3 30 36 27.6 1.6 1.19 - 4 24
2 3 76 28 37.7 2.0 1.47 - 11 36
3 3 95 52 58.4 2.0 2.19 - 10 52
L,Stoop '
1 1 0 0 0.0 2.0 0.66 - - -
2 1 0 0 0.0 2.2 0.80 - - -
3 1 0 0 0.0 2.8 0.83 - - -
1 2 18 30 14.3 1.8 0.64 - - -
2 2 26 26 13.3 1.8 1.55 - - -
3 2 80 43 46.0 1.6 2.61 - - -
1 3 56 46 35.9 1.8 0.66 - - -
2 3 78 20 29.3 2.0 1.64 - - -
3 3 95 62 60.5 1.8 1.88 — —
Sub.iect No. 5 H.P. FILM F IILUBE.
P.Stoop
1 1 6 6 2.8 1.8 - - - -
2 1 3 8 3.0 2.3 - - . - -
3 1 2 8 4.6 2.7 - - - -
1 2 20 86 55.9 2.1 - - - -
2 2 34 . 62 36.9 2.2 - - - -
3 2 104 48 43.9 1.6 - - - -
1 3 62 114 66.8 1.4 - - - -
2 3 102 44 56.1 2.0 - - - -
3 • 3 126 56 70.9 1.9
Subject No: 5 H.P. FILM FAILURE. (Continued)
Lift 
L.Stoop
Intra-abdominal 
pressure (m.m.Hg)
Time 
(sec.)
Load acceler: 
(M.sec.~^)
Angle change 
during 0-0.6s.
Ht. VI t . Ist.Pk. 2nd.Pk. Mean Mean. Peak. Lumbar Trunk
1 1 6 0 0.0 1.8 — _ — —
2 1 6 0 0.0 1.7 - - - -
3 1 14 10 6.2 1.8 - - - -
1 2 44 56 35.4 1.9 - - - -
2 2 52 40 25.8 1.9 - - - -
3 2 44 50 32.7 3.0 . - - - -
1 3 95 95 57.2 1.8 - - - -
2 3 112 50 66.7 2.0 - - - '
3 3 116 62 78.8 1.9 ■ - ■ — -
Subject No. 6 J.A. •
F.Stoop
I 1 0 0 0.0 1.2 1.06 3.16 -1 3,7
2 1 7 0 4.2 2.2 1.33 2.30 7 48
3 1 0 0 0.0 2.5 0.83 2.30 4 37
1 2 26 28 25.3 1.7 0.97 3.11 -1 32
2 2 22 50 25.6 1.8 0.87 1.89 1 32
3 2 16 28 17.9 2.6 1.42 2.16 3 42
1 3 30 52 36.8 1.4 1.19 2.43 -1 42
2 3 32 88 43.0 2.0 1.69 2.43 7 47
3 3 70 42 48.8 2.2 1.97 3.11 1 41
L.Stoop
1 1 0 0 0.0 2.0 1.06 4.73 - -
2 1 0 0 0.0 2.6 1.00 2.30 - -
3 1 0 0 0.0 • 2.8 1.50 2.30 - -
1 2 32 40 27.6 2.0 1.22 2.30 - -
2 2 33 16 14.2 2.4 1.33 2.16 - -
3 2 18 36 19.8 2.6 1.33 3.38 - -
1 3 68 48 41.0 2.2 1.00 2.30 -
2 3 41 54 40.5 2.5- 1.56 2.43 - -
3 3 50 48 
. ....
38.4 2.8 1.53 2.57
Subject No:7 p. J
Lift Intra-abdominal Time Load acceler: Angle change
P.Stoop pressure (m.m• Hg) (sec.) (M.sec. during 0-0,6s.
Ht. Wt. Ist.Pk. 2nd.Pk. Mean Mean. Peak. Lumbar Trunk
1 1 18 2 10.3 1.1 1.28 3.40 2 19
2 1 13 4 4.9 1.6 2.42 3.40 8 36
3 1 13 9 4.2 1.9 2.17 2.97 12 38
1 2 44 33 29.5 1.1 1.44 2.55 3 16
1 2 30 28 30.3 1.0 1.28 2.69 -1 13
1 2 27 22 22.9 0.9 1.22 3.12 1 18
1 2 28 24 21.0 0.9 1.28 3.26 1 19
1 2 26 28 21.3 1.0 1.33 3.54 0 21
2 2 48 51 29.6 1.6 2.56 2.55 8 37
2 2 40 53 29.2 1.7 2.39 . 2.97 13 38
2 2 35 ' 30 22.7 1.5 2.56 2.27 8 42
2 2 40 46 25.2 1.5 2.36 4.11 7 37
2 2 38 40 21.3 1.6 2.28 2.97 9 43
3 2 48 50 31.5 2.1 2.72 3.26 8 38
3; 2 53 46 30.I 1.7 2.86 3.12 10 44
3 2 62 44 30.6 1.7. . 2.81 3.68 14 42 •
3 2 44 48 32.2 1.9 3.03 3.26 9 48
3 2 38 44 25.1 1.7 2.53 2.27 9 37
1 3 40 72 50.9 1.3 1.64 2.42 5 16
1 3 42 53 40.6 1.2 1.47 2.13 3 17
1 3 40 54 43.0 1.1 1.44 1.84 2 17
1 3 44 44 35.5 1.1 1.36 1.98 3 24
1 3 44 48 43.0 1.2 ’ 1.38 1.70 1 21
2 3 57 74 48.5 1.3 2.78 2.42 13 45
2 3 70 70 47.3 1.2 2.89 2.97 12 47
2 3 61 70 47.3 1.4 2.78 1.98 11 46
2 3 70 84 60.8 1.4 2.69 3.26 9 39
2 3 66 74 52.1 1.4 2.64 2.69 11 45
3 3 61 48 37.1 1.7 2.86 4.11 13 52
3 3 66 54 41.0 2.0 2.78 2.69 16 51
3 3 . 68 53 42.1 1.8 2.94 3.12 11 34
3 3 66 53 41.7 1.7 2.92 2.13 10 50
3 3 68 50 43.4 1.7 2.75 2.42 13 45
Subject No: 7 P. J . (Continued)
Lift Intra-abdominal Time Load acceler: Angle change
L.Stoop pressure (m.m.Hg) (sec.) (M.sec. during 0-0.6s.
Ht . Wt. Ist.Pk. 2nd.Pk. Kean Kean. Peak. Lumbar Trunk
1 1 20 15- 18.9 1.5 1.11 1.28 — -
2 1 13 10 8.7 2.0 2.28 2.55 - -
3 1 22 10 16.2 2.0 3.17 4.25 - -
1 2 42 53 44.6 1.5 1.44 1.98 - -
2 2 50 55 69.1 2.1 2.39 3.26 - -
3 2 66 57 65.1 1.7 2.81 3.12 - -
1 3 64 72 64.9 1.3 1.72 1.56 - -
2 3 68 68 59.8 1.3 2.83 2.83 - -
3 .3 86 63 79.5 1.6 3.39 2.97 - -
Subject O • 00 J.H.
P.Stoop
1 1 32 14 1.8 1.2 1.53 2.31 18 47
2 1 0 5 1.3 1.8 1.89 2.18 23 56
3 1 0 5 2.3' 2.1 2.31 1.63 19 63 .
1 2 40 8 15.9 1.2 1.28 2.04 11 41
1 2 32 10 16.4 1.4 1.44 2.04 5 40
1 2 25 10 11.7 1.4 1.39 1.09 10 37
1 2 43 27 26.4 1.3 1.39 1.57 0 32
1 2 30 18 17.6 1.3 1.39 2.18 13 42
2 2 27 10 11.9 1.6 2.22 1.57 16 59
2 2 43 10 15.4 1.6 2.33 1.29 14 58
2 2 25 10 7.9 1.6 2.00 1.77 19 51
2 2 40 10 16.4 1.4 2.28 1.91 23 61
2 2 43 .10 16.8 1.7 2.19 1.84 17 58
3 2 36 32 19.1 2.0* 2.03 1.97 16 52
3 2 36 27 50.3 1.9 2.22 1.50 19 56
3 2 43 40 38.6 2.0 2.14 1.50 13 54
3 2 47 27 22.5 1.7 2.67 1.97 21 65
3 2 36 25 15.9 1.8 2.11 1.37 20 55
1 3 76 36 43.5 1.6 1.39 1.16 8 34
1 3 65 43 35.1 1.4 1.39 1.63 0 34
1 3 69 23 38.2 1.5 1.50 1.50 13 45
1 3 76 50 27.3 1.5 1.39 1.50 10 38
Subject No; 8 J.H. (Continued)
Lift Intra-abdominal lime Load acceler; Angle change
?.Stoop pressure (m.m.Hg) (sec.) (M.sec. )^ during 0-0.6s.
Hi Wt. Ist.Pk. 2nd.Pk. Mean Mean. Peak. Lumbar Trunk
1 3 70 40 28.4 1.7 1.44 1.50 6 40
2 3 80 32 38.2 1.8 1.92 1.26 8 41
2 3 80 36 44.8 1.6 2.06 1.09 13 48
2 3 89 40 42.9 1.6 2.28 1.77 19 56
2 3 86 34 42.2 1.9 2.42 1.16 14 57
2 3 82 30 37.7 1.9 1.94 1.63 9 48
5 3 102 58 59.7 1.6 2.17 1.77 14 52
3 3 92 65 54.8 2.3 2.11 1.36 7 51
3 3 92 67 54.7 2.1 2.11 1.16 7 51
3 3 86 75 50.3 1.9 2.22 1.63 12 53
3 3 86 74 52.5 2.4 2.33 1.09 15 48
L.Stoop
1 1 32 5 7.1 1.8 1.61 1.84 ■ - -
2 1 36 5 6.4 1.8 2.19 2.18 - -
3 1 27 7 5.0 1.9 2.64 2.31 - -
1 2 100 56 42.9 2.0 1.28 1.63 - -
2 2 107 23 25.8 2.0 2.00 2.25 - —
3 2 114 38 34.7 2.2 2.17 2.18 - -
1 3 140 94 67.6 1.8 1.28 1.50 - -
2 3 142 45 52.1 2.2 1.61 0.89 - -
3 3 160 51 66.8 2.0 2.17 1.50 —
Subject No. 9 M.C.
P.Stoop
1 1 o 0 0.0 1.1 1.42 2.26 10 51
2 1 6 4 2.7 1.3 2.63 2.65 27 81
3 1 0 0 0.0 1.2 3.03 2.79 42 90
1 2 22 20 15.3 1.4 1.61 1.86 6 47
1 2 30 15 18.4 1.3 1.44 2.39 2 47
1 2 43 20 26.3 i.3 1.47 2.79 4 46
1 2 24 15 16.3 1.4 1.56 3.32 14 54
1 2 22 16 17.1 1.5 1.61 3.45 17 56 .
Subject No: 9 M.C. (.Continued;
Lift 
?.Stoop
Intra-abdominal 
pressure (m.m.Hg)
Time 
(sec.)
Load acceler: 
(M.sec.
Angle change 
during 0-0.6s.
Ht. Wt. Ist.Pk. 2nd.Pk. Kean Kean. Peak. Lumbar Trunk
2 2 72 10 18.8 1.3 3.08 3.98 35 82
2 2 94 28 28.1 1.3 3.14 3.18 36 78
2 2 92 *4 33.9 1.3 2.81 3.18 24 64
2 2 64 15 26.5 1.2 2.69 2.52 25 71
2 2 80 16 21.9 1.3 3.08 3.05 31 86
3 2 86 60 34.3 1.6 3.25 3.58 40 86
*3 2 98 28 32.2 1.6 3.25 4.24 32 83
3 2 112 28 35.1 1.3 3.28 3.98 33 84
3 2 118 22 30.7 1.3 3.31 3.45 30 76
3 2 90 24 30.4 1.3 3.61 2.92 41 83
1 3 78 52 53.6 1.2 1.50 1.99 .5 48
1 3 60 44 38.1 1.5 1.50 1.59 10 45
1 3 59 35 39.9 1.5 1.50 1.86 4 45
1 3 72 65 61.1 1.5 1.56 1.73 11 50
1 3 63 44 50.6 1.5 1.67 2.12 12 57
2 3 124 60 65.7 1.4 2.86 3.18 22 67
2 3 108 42 52.5 1.3 2.94 2.52 29 77
2 3 104 40 52.9 1.4 2.67 2.92 19 75
2 3 98 22 72.6 1.3 2.75 2.92 25 71
2 3 88 35 57.9 1.2 2.69 2.52 15 65
3 3 140 37 34.7 1.4 2.86 2.52 22 67
3 3 127 46 35.8 1.3 • 3.03 3.85 28 86
3 3 110 22 19.6 1.6 2.75 3.05 25 73
3 3 130 24 27.2 1.4 2.92 2.92 27 89
3 3 108 20 26.1 1.6 2.75 2.26 23 78
L.Stoop
1 1 0 12 2.7 1.6 0.78 1.20 - -
2 1 0 0
0•0 1.9 2.06 2.65 - -
3 1 16 8 7.0 1.5 2.69 3.45 - -
1 2 15 . 52 17.1 1.6 0.83 2.26 - -
2 2 38 30 21.4 1.7 1.94 2.12 - -
3 2 88 35 35.9 1.5 2.56 2.2 6
Subject Hpi 9 M.C. (Continued)
Lift
j.StOOP
Intra-abdominal 
pressure (m.m.Hg)
lime
(sec.)
Load acceler: 
(M.sec.
Angle change 
during 0-0.6s.
Ht. Wt. Ist.Pk. 2nd.Pk. Mean Mean. Peak. Lumbar Trunk
1 3 63 106 50.6 1.5 0.85 1.06 - -
2 3 90 58 43.2 1.5 1.28 1.46 - -
5 3 132 46 69.0 1.5 2.72 1.86
Subject IJo.lO T.H.
F.Stoop I
1 1 20 14 14.3 1.0 1.39 3.05 -1 55
2 .1 13 4 5.8 1.4 2.19 1.99 13 49
3 1 19 10 7.0 2.0 2.24 1.75 16 50
1 2 37 ' 37 34.7 1.1 1.39 1.79 0 45
1 2 30 46 35.8 1.2 1.39 1.99 11 56
1 2 28 22 19.5 1.1 1.44 1.86 3 53
1 2 35 24 27.2 1.0 1.34 1.99 2 4-1
1 2 32. 20 26.1 1.1 1.34 1.86 -2 47
2 2 60 13 27.2 1.2 1.98 3.18 4 45
2 2 44 35 28.7 1.6 2.22 2.65 14 48
2 2 37 24 21.2 1.2 2.22 2.26 11 52
2 2 48 28 26.9 1.6 1.98 1.59 9 64
2 2 41 13 22.1 1.3 2.05 1.86 9 45
3 2 60 35 30.7 1.4 5.10 2.52 22 74
3 2 6? 24 29.4 1.3 2.67 3.12 15 62
3 2 48 32 30.7 1.4 2.78 2.79 18 67
3 2 58 22 28.7 1.5 2.88 3.18 22 62
3 2 55 35 29.4 1.5 2.86 3.32 18 72
1 3 80 40 37.8 1.2 ‘ 1.55 1.33 6 30
1 3 60 35 41.2 1.3 1.66 2.06 11 50
1 3 58 44 47.8 1.2 1.42 1.59 3 44
1 3 58 46 44.1 1.3 1.39 2.12 5 44
1 3 58 48 45.9 1.5 1.44 1.59 7 43
2 3 92 57 54.6 1.4 2.05 1.99 8 39
2 3 95 48 55.8 1.2 2.14 1.66 10 54
2 3 . 73 52 49.0 1.3 2.50 1.46 13 58
2 3 73 30 37.2 1.4 2.46 2.52 16 66
Subject No: iq t .H. (Continued)
Lift 
P.Stoop
Intra-abdominal 
pressure (m.m.Hg)
lime 
(sec •)
Load acceler: 
(M.sec. )^
Angle change 
during 0-0.6s.
Ht. Wt. Ist.Pk. 2nd.Pk. Kean Kean. Peal:. Lumbar Trunk
2 3 76 44 44.1 1.3 2.16 1.86 13 50
3 3 100 30 . 47.8 1.5 2.80 2.65 20 67
3 3 114 32 52.4 1.6 3.04 3.05 26 76
3 3 95 18 47.8 1.6 2.56 3.05 18 65
3 3 84. 22 36.5 1.7 2.67 3.18 19 71
3 3 89 20 57.3 1.6 2.52 3.05 12 57
L.Stoop
1 1 . 28 10 14.3 1.4 1.28 2.12 - -
2 1 17 12 10.2 1.4 2.14 . 3.45 - -
3 1 18 . 20 13.6 1.5 2.27 2.59 - - .
1 2 90 66 54.6 1.5 1.37 1.46 - -
2 2 88 64 47.3 1.3 1.92 2.92 - -
3 2 66 66 47.2 1.7 1.82 1.06 - -
1 3 87 78 66.9 1.5 0.85 1.06 - -
2 3 106 66 67.2 1.6 1.82 1.33 - -
3 3 100 48 76.5 1.5 2.52 0.53 — —
Subject
i—iH«O£5 P.O.
P.Stoop
1 1 35 2 10.1 1.0 1.44. 2.33 17 42
2 1 20 14 8.0 1.4* 2.78 1.73 25 60
3 1 22 8 7.2 1.4 3.33 2.45 28 44
1 2 88 27 50.6 1.0 1.53 1.97 16 42
1 2 94 16 46.0 1.1. 1.47 1.79 17 41
1 2 88 30 .46.0 1.1 1.39 1.90 16 52
1 2 72 18 42.2 1.2 1.56 2.70 15 46
1 2 56 16 32.9 1.1 1.39 2.33 16 47
2 2 120 64 71.4 1.3 2.73 1.59 19 50
2 2 94 47 52.7 1.2 2.44 2.39 15 55
2 2 106 35 58.4 1.3 2.36 1.59 22 55
2 2 84 22 38.9 1.3 2.22 1.73 15 43
2 2 76 40 52.7 1.2 • 2.56 1.99 20 56
3 2 96 58 58.9 ’ 1.3 3.06 2.12 22 57
Subject No; 11 JVC# ^ContinuedJ
Lift Intra-abdominal Time Load acceler: Angle change
P.Stoop pressure (m.m•He) (sec.) (M.sec. during 0-0.6s.
Ht. Wt. Ist.Pk. 2nd.Pk. Kean Mean. Peak. Lumbar Trunk
3 2 90 58 49.2 1.2 3.11 2.45 21 72
3 2 84 64 48.7 1.3 3.22 1.99 18 77
3 2 104 66 54.5 1.3 2.72 1.79 15 55
3 2 104 56 51.9 1.3 2.83 2.92 23 70
1 3 132 70 91.1 1.0 1.44 1.46 14 33
1 3 116 52 74.9 0.9 1.50 2.98 14 42
1 3 118 74 84.5 . 0.9 1.39 2.06 12 39-
1 3 116 74 82.8 1.1 1.39 3.17 13 38
1 3 120 46 76.7 1.1 1.31 3. 39 15 44
2 3 122 110 •\ 78.3 1.2 2.44 • 0.98 15 53
2 3 113 ' 90 84.4 1.2 2.72 1.17 20 55
2 3 140 138 90.8 1.3 2.39 1.41 14 53
2 3 118 94 80.5 1.2 2.44 1.41 n 52
2 3 132 62 84.4 1.2 2.72 1.47 19 62
3 3 162 98 . 87.6 1.2 3.33 1.96 23 72
3 3 132 70 78.3 1.2 3.25 2.45 18 71
3 3 148 70 84.3 1.3 3.11 1.84 16 64
3 3 128 82 77.9 1.3 3.39 1.96 21 80
3 3 132 82 79.5 1.4 3.28 1.59 18 73
L.Stoop
1 1 40 10 9.0 1.4 0.94 1.23 -
2 1 35 6 14.1 1.8’ 1.61 1.33 - ' -
3 1 70 10 36.1 1.4 2.44 2.59 - - •
1 2 116 35 42.2 1.5 1.06 1.78 - -
2 2 118 32 47.4 1.6 2.61 4.91 - -
3 2 118 80 65.1 1.4 3.44 1.59 - -
1 3 157 122 91.7 1.6 1.39 1.78 -
2 3 164 98 84.3 1.4 2.53 2.76 - -
3 3 200 86 109.9 1.4 2.78 2.46
Subject No: 12 d.S.
Lift 
P. Stoop
Intra-abdominal 
pressure (m.m.Hg)
lime
(sec.)
Load acceler: 
(M.sec."*2)
Angle change 
during 0-0.6s.
Ht. Wt. Ist.Pk. 2nd.Pk. Kean Mean. Peak. Lumbar Trunk
1 1 4 0 3.9 1.1 1.28 1.35 1 35
2 1 10 4 2.9 1.5 2.28 2.09 13 46
3 1 20 6 2.4 1.5 3.22 1.72 25 65
1 2 18 8 10.8 1.2 1.06 0.98 2 21
1 2 14 8 10.4 1.1 1.19 1.17 -2 18
1 2 26 12 20.6 1.0 1.28 1.41 0 22
1 2 20 12 18.4 1.0 1.39 1.41 1 35
1 2 26 10 21.5 1.2 1.36 1.47 0 28
.2 2 76 28 28.7 1.2 2.56 1.96 17 55
2 2 66 26 26.5 1.3 2.61 . 2.45 13 54
2 2 56 • 10 17.2 1.2 2.28 1.84 12 53
2 2 64 24 25.8 1.2 2.67 1.96 16 56
2 2 66 16 21.5 1.2 2.44 1.59 21 56
3 2 60 36 26.5 1.3 3.03 2.45 22 59
3 2 68 48 30.7. 1.4 2.83 2.39 22 55
3 2 64 44 28.7 1.5 2.72 1.72 23 56 '
3 2 56 44 31.6 1.4 2.61 1.59 21 56
3 2 56 36 22.1 1.4 2.83 1.47 22 59
1 3 52 36 41.3 1.0 1.44 1.59 1 24
1 3 74 • 30 46.3 1.2 1.39 1.35 2 36
1 3 68 26 48.9 1.1 1.33 1.11 4 26
1 3 76 32 58.6 1.1 1.39 1.23 0 29
1 3 74 36 50.2 1.2 1.36 2.33 4 29
2 3 58 40 40.0 1.2 2.19 2.09 7 43
2 3 72 40 49.6 1.3 2.11 1.35 6 44
2 3 62 54 46.1 1.4 2.11 1.35 6 41
2 3 56 40 46.3 1.3 1.83 1.41 7 45
2 3 70 42 46.3 1.3 1.94 1.59 3 41
3 3 86 58 53.8 1.6 2.72 1.72 17 62
3 3 80 66 59.0 1.4 2.67 1.72 12 55
3 3 80 60 53.7 1.6 2.33 1.62 7 50
3 3 80 62 54.1 1.5 2.44 1.47 6 .53
3 3 82 66 58.1 1.6 2.56 2.02 6 50
Subject No: 12 D.S. (Continued)
Lift 
L.Stoop
Intra-abdominal 
pressure (m.m.Hg)
lime
(sec.)
Load acceler: 
(M.sec. 2)
Angle change 
during 0-0.6s.
Ht. Wt. Ist.Pk. 2nd.Pk. Mean Mean. Peak. Lumbar Trunk
1 1 28 8 12.2 1.7 1.00 0.86 — —
2 1 36 8 10.1 1.7 . 2.39 1.53 - -
3 1 32 16 10.8 1.6 2.53 1.47 - -
1 2 36 22 18.4 1.4 1.11 1.72 - -
2 2 72 52 34.2 1.7 2.00 1.59 - -
3 2 82 64 45.0 1.5 2.97 1.90 - -
1 3 110 64 56.7 1.3 1.17 1.12 - -
2 3 144 86 61.4 1.5 1.72 1.23 - -
3 3 102 74 59.0 1.4 2.78 1.96 -
F.Knee -
1 1 0 0 0.0 1.2 1.56 1.96 18 23
2 1 16 12 10.7 1.6 1.58 1.78 10 10
3 1 32 8 8.1 1.6 1.53 2.27 4 8
2 2 20 4 •5.4 1.2 1.47 1.23 2 19
1 2 12 4 3.3 1.3 1.47 1.17 -2 22
1 2 34 8 15.6 1.1 1.47 1.90 0 15
2 2 62 24 22.9 1.5 1.86 1.11 17 7
2 2 94 34 34.6 1.4 2.56 2.03 13 11
2 2 76 20 24.1 1.6 2.19 2.03 12 14
3 2 68 38 18.2 1.7 2.22 2.33 22 9
3 2 82 50 32.3 1.6 2.61 2.58 22 17
3 2 70 40 22.9 1.5 2.86 2.09 23 24
1 3 60 32 34.0 1.3 1.56 1.47 1 4
1 3 56 28 32.3 1.2 1.44 1.11 2 8
1 3 28 34 24.6 1.4 1.22 1.27 4 21
2 3 86 40 36.9 ' 1.4 2.53 1.72 7 21
2 3 100 52 48.2 1.5 2.33 1.42 6 14
2 3 94 40 44.2 1.4 2.50 1.46 6 14
3 3 126 80 57.4 1.7 2.89 1.72 17 26
3 3 128 74 60.7 1.7 2.22 2.09 12 11
3 3 122 60 61.9 1.5 2.72 2.09 7 22
Subject No: 12 D.S, (Continued)
Lift Intra-abdominal J lime Load acceler: Angle change
S.StooT pressure (m.m.Hg) (sec.) (M.sec. during 0-0,6s.
Ht. Wt. Ist.Pk. 2nd.Pk. Kean Mean. Peak. Lumbar Trunk
2 2 32 36 .21.1 1.4 1.25 0.68 6 35
2 2 36 24 21.5 1.2 1.47 1.23 6 37
2 2 54 34 21.5 1.2 1.75 1.35 13 42
3 2 46 52 34.4 1.5 1.69 1.11 21 38
3 2 36 42 24.6 1.4 2.34 1.47 9 46'
3 2 54 42 . 34.0 1.3 2.14 1.59 11 51
2 3 92 52 59.6 . 1.4 1.42 1.35 5 33
2 3 78 52 45.9 1.2 1.33 0.98 5 36
2 3 84 54 59.6 1.4 1.22 1.35 12 37
3 3 92 84 64.5 1.6 1.67 • 1.11 11 46
3 3 82 ' 60 51.6 1.5 1.42 0.98 15 42
3 3 84 66 55.1 1.5 1.58 1*96 8 44
Subject No. 13 F.R.
. '■
F.Stoop
1 1 38 12 10.5 0.9 1.44 2.21 10 49
2 1 8 0 0.0 1.31 1.97 1.71 13 46
3 1 0 0 0.0 1.6 1.78 1.47 16 50
1 , 2 65 6 30.5 1.0 1.42 1.71 6 39
1 2 63 24 34.3 1.1 1.22 2.57 12 42
1 2 65 23 28.3 1.0 1.42 3.06 3 39
2 2 100 56 74.2 1.2- 2.08 1.47 14 45
2 2 110 54 65.4 1.3 2.11 1.35 15 51
2 2 96 54 62.9 1.2 ' 2.56 1.71 3-9 60
3 2 104 72 54.5 1.3 2.86 2.33 17 58
3 2 103 74 52.3 •1*5 2.47 2.57 14 57
3 2 114 79 72.6 1.3 2.67 2.21 18 66
1 3 121 20 79.3 1.0 1.22 1.71 3 35
1 3 117 16 80.9 1.2 1.22 1.47 2 45
1 3 128 16 85.0 1.0 1.27 1.35 -2 38
2 3 114 132 90.1 1.1 2.14 2.21 -1 48
2 3 128 108 81.7 1.3 2.17 1.71 0 52
2 3 136 101 91.3 1.2 2.28 1.84 2 46
Subject No: 13 F«R. (Continued)
Lift Intra-abdominal Time Load acceler: Angle change
F•Stoop pressure (m.m.Hg) (sec.) (M.sec. )^ during 0-0.6s.
Ht. Wt. Ist.Pk. 2nd.Pk. Kean Mean. Peak. Lumbar Trunk
5 3 136 90 80.9 1.4 2.33 1.96 3 41
3 3. 121 106 74.2 1.4 2.44 1.71 4 52
3 3 103 108 75.5 1.5 1.94 2.20 5 39
F.Knee
1 1 41 6 17.2 1.1 1.31 5.15 0 -5
2 1 20 0 5.7 . 1.0 3.08 5.03 11 17
3 1 39 7 8.6 1.1 3.39 6.25 28 27
1 2 54 20 28.3 1.0 1.25 4.04 3 -6
1 2 48 25 31.5 0.9 1.36 4.04 5 6
1 2 79 ' 29 37.8 0.9 1.31 2.82 6 0
2 2 96 24 47.2; 1.2 2.31 '5.05 8 8
2 2 101 48 52.3 1.3 2.22 1.96 3 14
2 2 92 41 41.2 1.1 2.64 2.57 12 15
3 2 52 64 35.4 1.6 2.33 4.41 7 9
3 2 56 48 30.4 1.4 2.42 3.06 10 12
3 2 72 48 35.4 1.2 2.67 4.04 8 16
1 3 105 61 80.1 1.1 1.31 4.04 10 7
1 3 114 50 85.8 1.1 1.31 2.94 9. -5
1 3 121 70 80.9 1.0 1.31 3.06 6 15
2 3 84 74 62.9 i.2 1.86 2.33 3 6
2 3 105 48 69.2 1.5 2.22 3.92 2 15
2 3 123 92 71.4 1.7 2.08 1.47 7 8
3 3 92 92 66.7 1.7 . 2.78 0.73 5 14
3 3 90 81 59.0 1.6 1.47 1.35 1 13
3 3 92 103 70.1 1.5 2.03 1.81 6 20
S.Stoop
2 2 88 25 40.5 1.0 1.94 2.45 8 26
2 2 79 52 43.6 1.3 1.75 2.57 7 40
2 2 88 32 41.2 1.1 1.78 2.57 10 45
3 2 84 74 51.1 1.2 2.25 1.96 11 57
3 2 105 92 47.2 1.2 2.56 1.96 26 63
3 2 128 74 54.0 1.4 2.64 2.70 34 62
Subject no: 13 F.R.(Continued)
Lift Intra-abdominal I lime Load acceler: Angle change
S.Stoor pressure (m.ro•He) (sec.) (M.sec. during 0-0.6s.
Ht. Wt. Ist.Pk. 2nd.Pk. Mean Mean. Peal:. Lumbar Trunk
2 3 136 74 94.4 1.2 1.25 2.95 9 39
2 3 138 74 80.9 1.1 1.56 1.10 16 43
2 3 150 70 94.4 1.1 1.56 1.22 12 44
3 3 154 117 '94.4 1.2 2.00 2.70 13 54
3 3 141 81 87.2 1.3 1.78 1.97 15 49
3 3 136 120 94.4 1.2 1.86 2.82 17 57
S.Knee
2 2 74 30 32.7 1.3 2.14 3.92 - -
2 2 70 50 34.0 1.5 1.92 • 3.43 - -
2 2 74 ' 28 34.9 1.3 1.81 3.31 - -
3 2 84 43 27.2 1.3 2.47 3.55 - . -
3 2 43 66 52.3 1.3 2.17 2.45 - -
3 2 94 48 43.6 1.3 2.28 3.43 - —
2 3 70 105 55.5 1.7 1.69 3.06 - - .
2 3 . 84 62 51.1 1.6 1.19 2.57 - -
2 3 86 70 50.4 1.5 1.75 2.82 - -
3 3 84 96 65.4 1.3 2.08 3.31 -• -
3 3 94 118 69.7 1.3 2.08 2.21 - -
3 3 117 118 82.8 1.3 2.47 2.08 - -
Subject lOeJLi Me P.
F. Stoop -
1 1 0 0 0.0 1.2 1.50 1.76 4 48
2 1 0 0 0.0 1.4 2.16 1.43 19 54
3 1 9 0 1.6 1.7 2.22 1.26 23 53
1 2 24 21 19.6 1.2 1.41 0.99 5 50
1 2 30 21 19.6 1.4 1.38 1.10 9 43
1 2 24 21 18.0 1.3 1.36 0.88 12 48
2 2 56 25 27.4 1.5 2.16 1.43 12 51
2 2 48 17 24.4 1.6 1.88 1.54 21 48
2 2 46 21 26.0 1.4 2.00 1.76 16 52
3 2 80 56 48.1 1.3 2.72 2.09 22 62
3 2 74 42 38.5 1.6 2.22 !.43 17 50
Subject Not 14 H.P. (.Continued,)
Lift Intra-abdominal 
pressure (m.m.Hg)
lime 
(sec.)
Load acceler: 
(M.sec.
Angle change 
during 0-0.6s.
Ht. Vt. 1st*Pk. 2nd.Pk. Mean Mean. Peak. Lumbar Trunk'
F.Stoop 
3 2 83 44 39.0 1.4 2.94 1.87 25 54
1 .3 65 52 53.2 1.2 1.38 1.21 10 49
1 3 60 44 45.6 1.2 1.33 1.10 1 39
1 3 81 40 50.2 1.2 1.33 1.10 4 42
2 3 130 42 78.1 1.4 2.22 2.03 15 43
2 3 112 46 63.5 1.4 2.55 1.87 27 62
2 3 92 42 65.7 1.5 2.61 2.31 27 65
3 3 136 48 72.6 1.4 2.72 2.20 26 64
3 3 125 34 71.7 1.4 2.22 1.87 17 43
3 3 142 50 80.8 1.4 2.27 1.65 15 64
F.Knee 
1 1 17 9 7.6 1.2 1.50 1.65 -3 -12
2 1 21 7 6.0 1.3 2.39 2.42 24 10
3 1 21 5 6.2 1.6 3.01 2.97 24 17
1 2 44 21 20.3 1.2 1.61 1.76 9 -3
1 2 23 14 18.2 1.2 1.56 1.26 11 2
1 2 9 7 7.0 1.3 1.50 1.54 1 -6
2 2 58 21 21.0 1.3 2.33 1.87 20 2
2 2 34 21 16.8 1.4 2.72 2.31 27 9
2 2 34 23 16.2 1.5 2.06 2.86 16 0
3 2 50 38 27.4 1.5 3.11 1.65 24 26
3 2 52 32 26,0 1.4 2.78 2.64 21 : 15
3 2 48 34 24.4 1.4 3.H 2.09 29 18
1 3 68 56 54.7 1.2 1.50 1.26 7 -7
1 3 65 42 49.7 1.1 1.61 1.54 2 0
1 3 70 44 41.5 1.1 1.56 1.43 3 2
2 3 120 54 60.4 1.4 2.61 1.43 12 20
2 3 108 60 58.6 1.4 2.06 1.43 10 10
2 3 98 54 39.1 1.4 2.61 1.43 20 18
3 3 116 56' ■ 70.1 1.3 2.33 1.51 14 9
3 3 123 44 67.3 1.3 2.94 1.98 23 29
3 3 116 38 65.1 1.4 2.72 2.31 18 23
Subject No:14 M.P. (Continued)
Lift Intra-abdominal Time Load acceler: Angle change
S.Stoop pressure (m.m.Hg) (sec.) (M.sec. during 0-0.6s.
Ht. Wt. 1st.Pk. 2nd.Pk. Mean Mean. Peak. Lumbar Trunk
2 2 42 17 19.0 1.6 1.27 1.32 14 22
2 2 36 17 19.6 1.4 1.41 1.32 13 23
2 2 38 19 22.8 1.2 1.61 1.26 15 21
5 2 62 48 31.9 1.5 1.97 1.65 22 36
3 2 54 38 28.5 1.6 1.52 1.15 16 26
3 2 62 60 35.2 1.4 1.63 1.21 18 26
2 3 108 50 58.3 1.5 1.55 1.37 17 25
2 3 110 46 56.1 1.3 1.50 1.21 22 26
2 3 67 46 45.6 1.2 1.52 1.43 17 31
3 3 125 ' 42 71.7 1.4 1.52 1.70 28 45
3 3 120 46 68.3 1.4 1.97 1.54 31 51
3 3 110 48 67.3 1.3 1.67 1.32 26 48
Subject No. 15 S.W.
P.Stoop
1 1 . 16 4 9.6 0.9 1.36 3.62 0 37
2 1 8 2 4.7 1.1 2.31 2.17 15 55
3 1 10 0 6.2 1.4 ‘ 2.39 1.59 12 61
1 2 64 24 35.8 0.9 1.39 1.59 3 37
1 2 56 16 38.7 1.0 1.44 1.74 3 42
1 2 48 36 29.5 1.0. 1.53 2.03 3 44
2 2 98 26 43.8 1.1 2.64 2.03 17 66
2 2 76 .20 31.8 1.3 2.39 2.32 11 57
2 2 78 28 26.9 1.2 2.42 2.17 8 60
3 2 . 78 38 41.3 1.5 2.42 1.96 5 57
3 2 84 36 39.7 1.3 2.78 2.32 9 64.
3 2 82 28 36.9 1.4 2.78 2.17 9 70
1 3 94 64 64.5 1.0 1.61 1.16 4 55
1 3 86 40 57.4 1.0 1.42 1.30 0 32
1 3 72 32 51.6 1.0 1.44 1.59 3 29
2 3 118 58 69.5 1.3 2.67 1.59 3 50
2 3 136 .44 . 66.2 1.3 2.03 1.45 0 31
2 3 88 32 48.5 1.3 2.36 1.52 1 49
Subject No; 15 S.W. (Continued)
Lift- 
P.Stoon
Intra-abdominal 
pressure (m.m.Hg)
lime
(sec.)
Load acceler: 
(M.sec. )^
Angle change 
during 0-0.63.
,
Ht. Wt. 1st.Pk. 2nd.Pk. Kean Kean. Peak. Lumbar Trunk
3 3 112 64 59.6 1.3 2.53 2.32 4 62
3 3 112 64 59.9 1.4 3.00 2.17 17 78
3 3 112 66 71.5 1.3 3.06 1.74 11 86
K.Knee
1 1 16 4 11.5 0.9 1.39 6.81 6 -17
2 1 18 4 11.5 1.0 3.08 9.57 28 13
3 1 26 0 9.4 1.1 3.44 7.25 18 16
1 2 .32 .20 18.4 0.8 1.36 3.91 13 “12
1 2 16 24 14.3 0.9 1.39 ' 3.04 12 0
1 2 40 24 23.5 1.1 1.33 2.46 3 4
2 2 42 16 17.2 1.0 2.67 4.20 16 9
2 2 26 8 26.8 1.1 2.94 3.48 21 31
2 2 52 24 18.4 1.0 3.08 3.67 19 27
3 2 48 14 21.4 1.3 2.94 3.33 17 10
3 2 32 20 ' 19.1 1.2 3.42 5.36 21 23
3 2 34 16 17.0 1.3 3.06 4.06 18
1 3 60 36 34.4 1.0 1.42 1.88 2 5
1 3 84 52 50.2 0.9 1.42 1.88 7 4
1 3 60 30 38.2 0.9 1.39 1.88 7 -4
2 3 86 64 50.2 1.2 2.39 2.32 9 7
2 3 80 36 49.6 1.3 1.97 2.17 -2 -19
2 3 62 26 39.7 1.3 1.97 2.90 4 -14
3 3 94 86 60.2 1.5 2.31 3.33 4 0
3 3 76 70 59.0 1.4 2.08 2.03 2 0
3 3 72 64 49.2 1.4 2.11 2.39 5 0
S.Stoop
2 2 82 24 42.2 1.1 1.56 1.59 11 34
2 2 94 20 43.8 1.1 1.58 1.45 17 40
2 2 112 16. ' 51.6 1.0 1.75 1.59 18 48
3 2 92 10 40.0 1.2 1.75 2.03 13 39
3 2 96 8 37.2 1.3 2.17 2.03 18 59
3 2 86 12 34.4 1.2 2.00 2.75 21 58
Subject Ho:15 S.W. (Continued)
Lift Intra-abdominal lime Load acceler: Angle change
S.Stoop pressure (m.m.Hg) (sec.) (M.sec. )^ during 0-0.63.
Ht. Wt. 1st.Pk. 2nd.Pk. Kean Mean. Peak. Lumbar Trunk
2 3 122 32 64.5 1.2 1.47 1.23 13 43
2 3 128 24 70.4 1.1 1.42 0.58 11 32
2 3 133 16 66.9 1.2 1.50 0.87 11 32
5 3 128 22 64.5 1.4 1.14 0.87 -1 20
3 3 117 42 53.0 1.3 1.75 1.16 4 35
3 3 104 40 46.1 1.4 1.67 1.16 9 49
S.Knee
2 2 30 16 19.8 1.3 1.89 2.67 - -  . .
2 2 20 8 16.1 1.2 1.81 2.67 - -
2 2 24 ' 24 26.5 1.3 1.47 1.59 - -
3 2 30 22 15.9 1.3 2.19 2.61 - -
3 2 26 16 18.4 1.4 2.25 2.75 - . -
3 2 24 40 19.8 1.3 2.14 2.67 -
2 3 70 42 43.7 1.3 1.75 2.46 - -
2 3 56 38 36.9 1.4 1.89 1.88 - -
2 3 52 20 35.3 1.3 1.75 1.59 - -
3 3 54 52 43.0 1.4 2.36 2.46 - -
3 3 40 60 39.7 1.3 2.03 2.46 - -
3 3 46 56 46.1 1.4 2.19 2.32 — —
Subject No. 16 T.W.
F.Stoop
1 1 12 8 7.4 1.0 1.39 2.25 5 50
2 1 4 8 3.6 1.6 1.72 2.12 10 54
3 1 4 8 4.5 !.9 1.89 1.25 8 60
1 2 36 20 26.8 1.1 1.67 1.25 0 47
1 2 36 20 25.1 1.2 1.67 1.50 6 50
1 2 36 24 24.6 1.2 1.67 2.00 4 40
2 2 36 48 32.1 1.5 1.72 1.50 4 49
2 2 36 44 27.6 1.4 2.08 1.37 9 60
2 2 16 12 10.5 1.4 1.94 1.50 10 59
3 2 40 40 25.8 1.5 2.53 2.37 8 78
3 2 36 40 25.8 1.6 2.28 1.12 12 72 .
Subject No: 16 T.W (Continued)
Lift 
P.Stoop
Intra-abdominal 
pressure (m.m.Hg)
Time 
(sec.)
Load acceler: 
(M.sec.
Angle change 
during 0-0.6s.
Ht. Wt.. 1st.Pk. 2nd.Pk. Kean Kean. Peak. Lumbar Trunk
3 2 40 36 28.7 1.5 2.28 2.50 12 75
1 3 66 36 38.7 1.2 1.67 1.37 3 39
1 3 74 36 43.6 1.1 1.75 1.87 6 44
1 3 66 36 46.9 1.1 1.64 1.50 0 40
2 3 64 52 45.4 1.3 1.94 1.37 4 48
2 3 68 48 48,5 1.3 2.08 1.50 4 59
2 3 72 56 45.1 ■1.4 2.17 1.87 3 58
3 3 92 56 59.0 1.4 2.19 1.87 4 65
3 3 92 40 64.5 1.4 2.56 1.87 3 80
3 3 104 32 64.5 1.3 2.42 2.25 7 73
P.Knee
1 1 20 12 11.5 1.0 1.47 2.50 1 -4
2 1 28 8 8*6 1.5 2.22 2.88 13 26
3 1 28 4 7.2 1.8 2.72 3.25 27 41
2 2 60 28 41.3 1.0 1.53 2.25 -1 -7
1 2 48 24 34,. 4 0.9 1.56 2.50 -5 -7
1 2 44 36 33.5 1.1 1.56 2.25 -8 -6
2 2 48 48 32.3 1.2 2.61 2.15 15 26
2 2 56 44 31.6 1.4 2.56 2.00 7 21
2 2 74 44 35.3 1.3 2.44 2.38 17 27
3 2 32 32 18.4 1.4- 2.67 2.38 17 35
3 2 44 24 21.5 1.6 2.50 1.88 15 32
3 2 60 40 30.1 1.5 2.81 2.18 8 39
1 3 76 36 46.9 1.1 1.58 2.50 0 -9
1 3 72 52 51.6 1.0 1.56 2.00 -2 -9
1 3 80 24 46.9 1.1 1.61 2. 25 -6 -10.
2 3 96 52 61.4 1.4 1.64 1.88 3 -6
2 3 82 48 59.9 1.4 2.00 1.50 1 7
2 3 84 56 55.9 1.5 1/75 1.75 7 . “4
3 3 118 60 69.6 1.4 2.85 2.00 9 25
3 3 110 56 64.5 1.4 2.33 1.75 6 24
3 3 114 56 62.0 1.6 2.42 2.00 6 19
Subject No: 16 T.W. {Continued;
Lift 
S.Stoop
Intra-abdominal 
pressure (m.m.Hg)
lime
(sec.)
Load acceler: 
(M.sec. )^
Angle change 
during 0-0.6s.
Ht• Wt. lst.Pk. 2nd.Pk. Kean Kean. Peak. Lumbar Trunk
2 2 44 56 35.8 1.6 1.19 1.58 10 36
2 . 2 48 40 29.5 1.4 1.17 2.00 8 32
2 2 52 36 33.1 1.3 1.25 1.88 1 31
3 2 52 36 32.5 1.6 1.50 1.13 8 56
3 2 40 28 21.5 1.6 1.47 1.13 14 53'
3 2 56 36 32.5 1.6 1.56 0.88 11 43
2 3 118 48 45.9. 1.5 1.19 1.13 3 30
2 3 84 40 40.5 1.6 1.19 1.00 4 35
2 3 64 48 46.1 1.4 1.22 1.13 4 36
3 3 104 40 52.6 1.8 1.14 1.00 -1 28
3 3 122 ' 52 61.1 1.9 1.11 1.00 -6 27
3 3 104 68 65.6 1.8 0.92 1.00 -4 29
S, CD0)
S
'
. '■
2 2 48 32 32.5 1.4 1.67 2.88 - -
2 2 48 36 29.9 1.6 1.50 2.88 • - -
2 2 76 32 41.9 1.3 1.50 3.38 - -
3 2 76 44 40.2 1.5 1.75 4.38 - -
3 2 60 32 40.2 l'.5% 1.61 4.38 - -
3 2 76 28 41.5 1.5 1.67 4.25 - -
2 3 100 76 64.5 1.4 1.78 2.75 - -
2 3 88 48 55.5 1.4 1.22 2.88 - ~ .
2 3 96 60 64.5 1.2 1.56 2.88 - - "
3 3. 80 68 67.8 2.0 1.59 2.50 - -
3 3 114 84 77.4 1.5 2.08 3.00 - -
3 3 108 92 81.7 1.5 1.94 2.63 - -
Sub.iect Ho. 17 H.D.
F.Stoop
1 1 32 12 15.6 1.1 1.50 2.50 3 54
2 1 46 8 19.5 1.6 1.94 2.13 11 53
3 1 30 12 15.8 1.8 2.11 1.75 3 60
1 2 58 26 40.8 1.1 1.47 1.63 17 52
1 2 . 50 26 37.5 1.1 1.47 1.38 7 41
Subject No: 17 H.D, (.Continued}
Lift 
P.Stoop
Intra-abdominal 
pressure (m.m.Hg)
lime
(sec.)
Load acceler: 
(M.sec.
Angle change 
during 0-0,6s.
Ht. Wt. lst.Pk. 2nd.Pk. Mean Kean. Peak. Lumbar Trunk
1 2 84 54 64.1 0.8 1.33 2.65 4 34
2 2 88 62 64.1 1.2 2.22 2.58 12 55
2 2 108 50 62.0 1.3 2.53 5.00 13 75
2 2 120 42 59.2 1.3 2.50 2. 58 17 68
3 2 152 66 73.3 1.4 2.64 1.75 5 70
# 3 2 108 54 64.1 1.6 2.51 1.88 6 55
3 2 94 50 61.1 1.4 2.55 2.25 4 68
1 3 88 58 71.2 0.9 1.39 1.50 1 30
1 3 110 70 81.4 0.9 1.42 1.25 1 28
1 3 94 62 79.8 0.9 o.42 1.25 7 25
2 3 160 94 -94.9 1.8 2.05 1.75 8 50
2 3 160 84 91.2 1.8 2.06 1.25 7 48
2 3 158 100 94.5 1.9 1.97 1.50 5 47
3 3\ 156 84 91.2 1.8 2.25 1.88 7 '60
3 3 168 88 105.1 1.6 2.08 2.00 6 58 .
3 3 168 78 96.2 1.6 2.25 2.25 10 62
F,
1
,Knee
1 30 12 11.5 1.1 1.44 2.88 10 -5
2 1 38 12 12.7 2.0 1.72 1.65 1 1
3 1 30 12 . 15.9 1.6 2.22 1.50 9 11
1 2 42 34 30.8 1.0 1.42 2.50 0 3
1 2 46 26 20.5 1.0 1.42 2.15 2 -5
1 2 56 26 25.6 1.0 1.51 2.88 -1 -10
2 2 100 70 51.3 1.2 2.94 2.88 12 16
2 2 80 64 53.4 1.2 2.59 1.65 2 10
2 2 94 46 49.9 1.2 2.69 2.65 1 12
3 2 126 66 57.0 1.2 3.14 5.25 10 5°
3 2 120 66 51.3 1.2 3.56 3.38 11 35
3 2 126 78 :59.9 1.2 3.64 3.25 7 31
1 3 58 58 53.4 1.2 . 1.14 0.88 -2 -11
1 3 96 76 71.2 1.2 1.36 2.00 3 -9
1 3 80 62 48.1 1.6 1.47 1.25 5 0
Subject No: 17 H.D. (Continued;
Lift Intra-abdominal Time Load acceler: Angle change'
F.Knee pressure (m.m• Hg) (sec.) (M.sec, during 0-0.63.
Ht. Wt. lst.Pk. 2nd.Pk. Kean Mean. Peak. Lumbar Trunk
2 3 138 80 76.9 1.2 2.31 1.75 10 4
2 3 120 54 76.9 1.0 2.72 3.00 0 17
2 3 126 70 69.9 1.1 2.75 2.50 0 21
3 3 132 54 71.2 1.2 3.00 2.25 -5 23
3 3 120 50 71.2 1.2 3.00 1.75 1 29
3 3 116 62 76.9 1.2 3.14 2.00 3 38
S.Stoop
2 2 58 38 34.5 1.1 1.69 2.00 -1 41
2 2 74 26 33.7 1.0 1.89 . 3.00 1 45
2 2 80 ' 42 47.4 0.8 1.94 2.18 5 42
3 2 96 42 45.9 1.1 2.44 2.50 8 53-
3 2 80 26 45.9 1.1 2.50 2.50 7 56
3 2 88 34 45.4 1.2 2.25 1.50 0 • 55
2 5 96 62 63.2 1.6 1.14 1.25 1 12
2 3 138 62 72.3 1.4 1.61 2.18 2 45 ‘
2 3 120 58 64.8 1.3 1.72 2.25 1 48
3 3 126 62 72.3 1.4 1.61 1.63 6 60
3 3 132 50 72.3 1.4 1.67 1.75 -3 53
3 3 138 50 75.9 1.5 1.44 1.38 4. 43
S.Knee
2 3 42 34 33.7 1.5 1.69 1.88 - -
2 2 58 42 42.1 1.2 1.78 2.88 - -
2 2 58 38 36.1 1.4 1.86 2.88 - -
3 2 50 46 49.2 1.2 2.50 3.13 - -
3 2 58 58 51.7 1.1 2,44 3.25 -
3 2 58 46 42.1 1.2 2.50 3.13 - -
2 3 76 58 64.8 1.3 1.75 2.38 - -
2 3 88 46 63.2 1.2 1.97 2.38 - ' -
2 3 88 54 54.5 1.3 1.89 2.00 - -
3 3 94 42 63.2 1.2 2.08 2.50 - -
3 3 94 54 68.1 1.3 2.56 2.68 - -
3 3 88 50 72.3 • 1.4 2.03 2.38 — —
Subject No: 18 R.F.
Lift 
F.Stoop
Intra-abdominal 
pressure (m.m.Hg)
Time
(sec.)
Load acceler: 
(M.sec.
Angle change 
during 0-0.6s.
Ht. Wt. lst.Pk. 2nd.Pk. Kean Kean. Peak. Lumbar Trunk
1 1 ’ 0 0 0.0 1.3 1.39 1.00 6 42
2 1 12 8 9.2 1.4 2.08 2.25 9 67
3 1 8 8 8.1 1.6 2.83 2.37 11 81
1 2 24 24 17.0 1.3 1.31 1.25 -5 30
1 2 20 16 17.2 1.2 1.44 1.50 5 45
1 2 34 14 23.9 1.2 1.47 1.50 2 45
2 2 64 36 29.6 1*6 2.44 3.12 8 72
2 2 52 24 31.6 1.5 2.56 2.75 12 64
2 2 40 24 27.6 1.4 2.94 2.50 17 81
3 2 64 36 30.4 1.7 2.75 1.87 13 72
3 2 64 ' 36 32.3 1.6 2.89 2.75 14 80
3 2 50 36 32.3 1.6 2.81 2.12 11 73
1 3 100 44 59.2 1.2 1.67 1.75 5 42
1 3 92 44 51.0 1.3 , 1.53 1.50 0 33
1 3 72 48 53.8 1.2 1.53 1.25 0 3?
2 3 108 62 68.8 1.5 2.22 1.75 8 55
2 3 100 44 55.3 1.4 2.78 2.50 12 74
2 3 88 50 51.6 1.6 2.61 2.25 12 72
3 3 84 36 55.0 1.5 2.64 2.25 7 71
3 3 84 40 48.4 1.6 2.78 2.50 16 87
3 3 102 34 60.5 1.6 2.81 2.25 8 80
F,Knee
1 1 14 8 5.2 2.0 1.42 2.25 -2 —211
2 1 28 8 8.6 1.5 2.64 3.50 12 22
3 1 12 4 4.6 1.4 3.58 4.63 6 29
1 2 38 28 30.7 1.4 1.50 2.25 5 -16
1 2 28 16 19.8 1.3 1.50 1.50 5 -14
1 2 44 18 26.9 1.2 1.36 2.00 1 -19
2 2 62 26 34.4 1.5 2.64 2.88 14 20
2 2 54 28 31.6 1.4 2.69 6.38 13 18
2 2 54 32 33.5 1.4 2.81 3.50 17 19
3 2 44 24 24.2 1.6 2.97 2.75 10 25
3 2 40 28 25.8 1.6 3.28 2.88 11 36
Subject No: iq R>f .(Continued)
Lift
F.Knee
Intra-abdominal 
pressure (m.m.Hg)
lime 
(sec.)
Load acceler: 
(ll.sec.
Angle change 
during 0-0.6s.
Ht . wt. lst.Pk. 2nd.Pk. Kean Kean. Peak. Lumbar Trunk
3 2 54 8 19.4 1.6 3.28 3.38 12 32
1 3 68 40 43.0 1.5- 1.25 1.88 3 -24
1 3 56 44 38.7 1.5 1.44 1.25 5 -11
1 3 72 48 53.8 1.6 1.39 2.25 3 -23
2 3 96 54 55.3 1.6 2.56 2763 7 -3
2/ 3 84 32 48.4 1.6 2.28 3.00 7 4
2 3 96 28 51.6 1.5 2.22 2.75 1 8
3 3 76 40 56.4 1.6 2.42 5.00 5 9
3 3 80 36 55.0 1.5 2.89 2.25 12 31
3 3 84 32 57.4 1.5 2.94 3.13 5 16
S.Stoop 
2 2 48 28 34.4 1.5 2.75 1.13 7 29
2 2 52 32 40.2 1.5 2.64 1.38 7 16
2 2 48 28 33.2 1.4 2.92 1.25 11 27
3 2 46 28 30.4 1.7 2.89 1.75 4 28
3 2 32 36 28.7 1.8 2.67 2.00 -2 17
3 2 52 28 32.3 1.6 2.83 1.50 5 29
2 3 68 40 43.0 1.5 2.31 1.13 -9 6
2 3 72 40 51.6 1.5 2.64 0775 -1 26
2 3 72 .40 49.2 1.4 2.50 0.75 2 23
3 3 88 38 56.9 1.7 2.64 1.00 3 20.
3 3 64 28 43.0 1.8 2.36 1.63 -2 15
3 3 80 28 47.8 1.8 2.50 1.75 -2 22
S.
2
,Knee
2 32 28 26.9 1.2 2.78 2.25
2 2 42 28 29.8 1.3 2.94 2.75 - -
2 2 32 28 27.6 1.4 2.72 2.13 - -
3 2 44 34 33.5 1.4 3.67 3.63 - -
3 2 48 40 39.7 1.3 3.33 2.50 - -
3 2 56 32 34.4 1.5 3.89 4.00 - -
2 3 72 48 45.9 1.5 , 2.78 2.25
Subject No: 18 R.F. (Continued)
Lift 
S.Knee
Intra-abdominal 
pressure (m.m.Hg)
lime
(sec.)
Load acceler: 
(M.sec. )^
Angle change 
during 0-0.6s.
Ht. Wt/ lst.Pk. 2nd.Pk. Kean Kean. Peak. Lumbar Trunk
2 3 48 44 45.9 1.5 3.00 2.13 - -
2 3 76 52 45.9 1.5 3.H 2.50 - -
3 3 104 36 57.4 1.5 3.56 3.50 - -
3 3 64 36 43.0 1.5 3.67 3.00 - -
3 3 92 44 66.4 1.4 3.44 1.88
APPENDIX II
METABOLIC EVALUATION DATA
SUBJECT NO.' 1 E.S. 
\
HEIGHT: 170.6 c.m. 
WEIGHT: 74.5 Kg. 
AGE: 50 years
ACTIVITY A.M. 
BLOCK HANDLING
02 CONS. 
L. MIN"1
ENERGY EX. 
Kcal/hr/s.m.
EFFICIENCY 
GROSS c/o
REST 0.55 98.7 -
P.Stoop 1.05 294.9 4.57
RECOVERY 0.24 68.2 -
P. Knee 1.00 282.2 4.57
RECOVERY 0.45 128.1 -
S.Stoop 0.99 279.2 2.74
RECOVERY 0.41 116.5 -
S.Knee 0.85 255.0 3.25
RECOVERY 0.29 82.5 -
ACTIVITY P.M.
KERB HANDLING
REST 0.52 90.0 -
P. Stoop 0.94 264.5 3.85
RECOVERY 0.55 98.5 -
P.Knee 0.99 277.9 3.67
RECOVERY 0.55 99.5 -
S.Stoop 0.75 205.1 2.94
RECOVERY 0.51 87.7 -
S.Knee 0.7 6 215.5 2.85
! RECOVERY 0.54 94.9 -
SUBJECT NO. 2 G.M. 
HEIGHT: 173.7 c.m. 
Y/EIGHT: 72.0 Kg. 
AGE: 41 years.
ACTIVITY A.M. 
KERB HANDLING
02 CONS.
l . M u r 1
ENERGY EX. 
Kcal/hr/s.m.
EFFICIENCY 
GROSS fo
REST 0.28 81.2 -
S.Stoop 0.72 210.6 2.86
RECOVERY 0.28 82.7 . -
S.Knee 0.78 225.9 2.67
RECOVERY 0.27 79.8 -
P.Stoop 0.89 260.3 3.92
RECOVERY 0.29 86.4
P. Knee 0.79 229.3 4.44
RECOVERY 0.28 82.9 -
ACTIVITY P.M. 
BLOCK HANDLING
REST 0.51 91.5 -
S.Stoop 0.87 252.3 3.03
RECOVERY 0.51 91.5 -
S.Knee 0.98 286.9 2.67
RECOVERY 0.56 104.9 -
P.Stoop 0.93 271.9 4.75
RECOVERY 0.33 96.1 -
F.Knee 1.09 319.6 4.04
RECOVERY 0.31 89.4 -
SUBJECT NO. 3 B.D. 
HEIGHT: 183.2 cm. 
WEIGHT: 92.3 Kg. 
AGE: 41 years
ACTIVITY A.M. 02 CONS. ENERGY EX. EFFICIENCY
BLOCK HANDLING L. MIN"1 Kcal/hr/s.m. GROSS fo
REST 0.33 74.6 -
P.Knee 1.35 305.8 4.22
RECOVERY r 0.34 77.4 -
S.Stoop 1.02 231.0 3.31
RECOVERY 0.34 78.2 -
S.Knee 1.04 236.9 3.22
RECOVERY 0.32 72.3 -
F.Stoop 1.19 270.7 4.77
RECOVERY 0.31 70.3 -
ACTIVITY P.M.
KERB HANDLING
REST 0.31 71.2 -
F.Knee 1.07 243.8 4.18
RECOVERY 0.35 80.4 -
S.Stoop 0.75 . 169.9 3.55
RECOVERY 0.34 76.4 -
S.Knee 0.84 190.4 3.17
RECOVERY 0.33 75.3 -
F.Stoop 0.97 219.6 4.64
RECOVERY 0.31 69.9 -
SUBJECT NO. 4 D.S. 
\
HEIGHT: 182.6 cm
WEIGHT: 91.0 Kg.
AGE: 25 years
ACTIVITY A.M. 02 CONS. ENERGY EX. EFFICIENCY
KERB'- HANDLING L. MIN*"1 Kcal/hr/s.ra. GROSS io
REST 0.54 77.3 -
F.Stoop 0.86 198.8 5.13
RECOVERY 0.40 92.6 -
S.Knee 0.79 182.9 3.29
RECOVERY 0.56 85.5 -
S.Stoop 0.65 145.8 4.14
RECOVERY 0.54 78,7 -
F.Knee 0.94 216.6 4.71
RECOVERY 0.40 92.5 -
ACTIVITY P.M.
BLOCK HANDLING
REST 0.52 74.5 - .
F.Stoop 0.93 215.4 5.99
RECOVERY 0.48 109.9 -
S.Knee 0.88 202.2 3*78
RECOVERY 0.57 84.8 -
S.Stoop 0.79 182.0 4.19
RECOVERY 0.54 78.1 -
F.Knee 1.15 266.2 . 4.85
RECOVERY 0.52 72.7 -
SUBJECT NO. 5W.S. 
HEIGHT: 175.5 c.m. 
WEIGHT: 67.6 Kg. 
AGE: 57 years.
ACTIVITY A.M. 
BLOCK HANDLING
02 CONS. 
L. MIN"1
ENERGY EX. 
Kcal/hr/s.m.
EFFICIENCY 
GROSS io
' REST 0.23 70.6 -
P.Stoop 0.78 242.4 5.32
RECOVERY 0.22 68.9 -
S.Knee 0.79 245.7 3.11
RECOVERY 0.27 84.4 -
S.Stoop 0.73 225.8 3.38
RECOVERY 0.26 80.6 -
F.Knee 0.74 228.9 5.64
RECOVERY 0.35 103.8 -
ACTIVITY P.M.
KERB HANDLING
REST 0.27 82.2 . -
P. Stoop 0.83 257.1 3.96
RECOVERY 0.29 91.7 -
S.Knee 0.72 222.6 2.71
RECOVERY 0.31 97.4 -
S.Stoop 0.64 200,0 3.02
RECOVERY 0.31 94.69 -
F.Knee 0.85 263.5 3.87
RECOVERY 0.29 88.4 -
SUBJECT NO. 1. E.S. (A.H.)
ACTIVITY: BLOCK HANDLING (3/MIN.)
TIME
(min)
HEART RATE, BEATS MIN"-1
' P.Stoop P.Knee S.Stoop S.Knee
1 70 73 81 81
REST 2 69 77 79 83
(sitting) 5 69 74 80 79
4 66 76 78 76
5 69 76 78 78
STAND 6 69 77 87 82
START 7 88 99 95 95
8 91 106 97 101
ACTIVITY 9 94 108 98 100
10 93 110 100 100
11 93 107 107 101
12 95 111 106 98
END. , . , 13•■1 i 100 .114 100 103
STAND
13.5 88 92 98 96
14 70 92 94 92
15 74 85 81 80
RECOVERY 16 74 83 80 83
(sitting) 17 75 82 84 81
18 73 84 83 81
SUBJECT NO. 1 E.S. (P.M.)
ACTIVITY: KERB HANDLING (2/l’lIN.)
TIME
(min)
HEART RATE, BEATS MIN"-1
P.Stoop P.Knee S.Stoop S.Knee
1 79 82 82 80
2 78 82 83 80
REST 3 77 80 78 80
(Sitting)
4 76 82 77 74
3 80 82 79 77
STAND 6 76 86 82 84
START 7 99 102 98 94
8 100 99 93 96
ACTIVITY . 9 97 104 94 96
10 101 104 92 95
11 103 108 93 93
12 103 105 91 97
13 106 106 96 97
END 14 104 101 95 97
14.5 100 102 94 98
STAND
15 90 94 82 86
16 82 85 85 85
RECOVERY 17 87 83 80 86
(sitting) 18 82 86 80 85
19 83 85 81 81
SUBJECT NO. 2 G.M. (A.M.)
ACTIVITY: KERB HANDLING (2/MIN.)
'TIME
(min)
HEART RATE, BEATS MIN'-1
S.Stoop S.Knee P.Stoop P.Knee
1 64 66 69 74
REST 2 65 64 67 72
(sitting) 3 65 65 70 70
4 70 65 67 70
5 65 . 66 69 75
STAND 6 72 76 74 80
START 7 76 88 91 95
8 82 85 92 96
ACTIVITY 9 82 89 99 97
10 . 84 90 98 104
11 86 88 99 106
12 89 92 104 104
15 89 . 96 107 108
END 14 95 95 107 105
STAND
14.5 78 . 96 110 108
15 72 82 92 96
16 70 75 79 77
RECOVERY 17 64 66 75 78
(sitting) 18 66 68 72 78
19 67 69 75 79
SUBJECT NO. 2 G.M. (P.M.)
ACTIVITY: BLOCK HANDLING (5/HIN.)
TIME
(kin)
HEART RATE, BEATS MIN-1
S.Stoop S.Knee P.Stoop F.Knee
1 80 82 82 78
REST 2 80 84 82 76.
(sitting) 5 80 80 85 75
4 82 82 82 78
5 80 82 82 80
STAND 6 99 94 96 91
START 7 114 110 110 107
8 105 115 124. 110
9 115 118 126 115
ACTIVITY 10 115 116 124 115
11 108 121 124 122
12 114 120 124 126
END 15 115 125 124 122
STAND
15.5 104 114 120 118
14 98 112 106 102
15 85 87 84 89
RECOVERY 16 •87 86 89 84
(sitting) 17 86 84 85 85
____ __
18 86 85 85 82
SUBJECT NO. 5 B.D. (A.M.)
ACTIVITY: BLOCK HANDLING (3/MIN.)
TIME
(min)
HEART RATE, BEATS MIN-1
F.Knee S.Stoop S.Knee F.Stoop
1 82 93 87 89
REST 22 80 • 89 88 89
(sitting) 3 84 88 91 90
4 86 89 88 91
5 87 90 87 94
STAND i  6 103 108 102 106
START 7 106 125 123 120
! 8 128 125 131 132
9 130 128 131 132
ACTIVITY ! 10 132 ! 132 131 132
11 132 132 130 133
12 140 132 135 137
END 13 145 130 133 139
STAND
13.5 140 132 136 140
14 122 120 120 124
15 97 99 98 98
RECOVERY 16 92 97 94 93
(sitting) 17 92 94 94 . 90
18 92 97 95 90
SUBJECT NO. 5 B.D. (P.M.)
ACTIVITY: KERB HANDLING (2/MIN.)
BEART RATE, BEATS MIN
P.Knee S.Stoop S.Knee P.Stoop
88
REST
(sitting)
88
88
STAND 120 108 107 112
START 125 116 118 122
125 116 121 125
ACTIVITY 126 115 124 128
126 116 124 129
11 127 117 124 129
12 130 122 125 131
123 131
132 121 131 155
14.5 134 124
STAND
120 116 100 124
100
RECOVERY
(s itting) 18
88
SUBJECT NO. 4 D.S. (A.M.)
ACTIVITY: KERB HANDLING (2/MIN).
TIME
(min)
HEART RATE, BEATS MIN -Y
F.Stoop S.Knee S.Stoop F.,Knee
1 70 67 67 68
2 76 65 68 61
REST 3 73 69 68 62
(sitting) 4 67 67 64 60
5 66 69 73 65
STAND 6 80 80 • 70 76
START 7 95 87 83 86
8 94 90 86 91
9 96 89 82 90
ACTIVITY 10 99 94 85 93
11 111 96 93 94
12 106 91 84 92
13 106 97 88 99
END 14 107 96 92 97
STAIN)
14.5 94 90 92 88
15 94 84 70 78
16 89 83 88 81
RECOVERY 17 75 72 69 68
(sitting) 18 75 • 71 64 66
19 77 68 65 66
SUBJECT HO. 4 D.S. (P.M.)
ACTIVITY: BLOCK HANDLING (3/MIN)
TIME
(min)
HEART RATE, BEATS MIN-1
F.Stoop S.Knee S.Stoop F.Knee
1 74 81 73 71
. REST 2 78 81 73 67
(sitting) 3 75 80 72 62
4 74 80 73 66
5 79 78 72 67
STAND 6 85 86 . 80 78
START 7 98 99 100 96
8 105 104 94 100
9 106 109 96 105
ACTIVITY 10 107 104 96 108
11 112 104 99 107
12 114 110 101 107
END 13. 112 106 101 110
15.5 110 108 92 100
STAND
14 100 92 86 90
15 91 92 85 • 88
RECOVERY 16 86 82 78 77
(sitting) 17 80 80 78 79
18 81 79 80 76
SUBJECT NO. 5 W.S. (A.H.)
ACTIVITY: BLOCK HANDLING (3/MII?)
TIME
(min)
HEART RATE, BEATS MIN~1
P.Stoop S.Stoop S.Knee P.Knee
1 61 65 65 66
REST 2 61 61 63 64
(s i t ting) 3 57 61 64 68
4 58 61 60 -64
5 70 69 75 65
STAND 6 72 76 . 73 83
START 7 86 91 86 96
8 92 92 87 99
9 90 96 89 105
ACTIVITY 10 89 101 99 105
11 94 97 90 104
12 95 94 90 105
END 13 92 . 98 88 100
STAND
13.5 86 88 90 94
14 78 74 76 86
15 75 73 76 73
RECOVERY 16 63 66 66 71
(sitting) 17 67 66 63 70
18 62 67 68 69
SUBJECT NO. 5 U.S. (P.M.)
ACTIVITY: KERB HANDLING (2/l-lIN.)
TIME
(min)
HEART RATE, BEATS MIN“•1
F.Stoop S.Stoop S.Knee F.Knee
1 70 80 67 72
2 72 78 69 71
REST 3 70 80 69 70
(sitting) 4 70 80 72 72
5 78 78 71 73
STAND 6 90 81 93 89
START 7 104 99 97 95
8 105 101 95 101
9 101 103 92 100
ACTIVITY 10 100 105 97 101
11 105 •104 99 99
12 107 110 96 100
13 106 104 95 100
END 14 102 102 97 103
14.5 98 104 92 90
STAND
15 96 86 84 82
16 81 80 79 73
RECOVERY 17 80 77 70 70
(sitting) 18 77 81 73 69
19 78 74 74 71
